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ISOLATION OF 


BUNYAMWERA VIRUS 


FROM A NATURALLY INFECTED 


HUMAN BEING AND FURTHER ISOLATIONS FROM AEDES 
(BANKSINELLA) CIRCUMLUTEOLUS THEO: 


R. H. KOKERNOT,? K. C. SMITHBURN, B. p— MEILLON, anv H. E. PATERSON 


The Arthropod-Borne Virus Research Unit, South African Institute for Medical Research, Johannesburg 


Bunyamwera virus first isolated by 
Smithburn et al., (1946) from Aedes mosquitoes 
caught in the Semliki Forest of Uganda. A second 
strain was isolated from naturally infected mos- 
quitoes (Aedes (Banksinella) circumluteolus) 
caught in Tongaland, Union of South Africa in 
1955 (Kokernot, Heymann et al., 1957). In both 
these regions neutralizing antibodies against this 
virus have been found in sera of human beings. 
This report describes the first isolation of Buny- 
amwera virus from the blood of a naturally 
infected human being. The donor was a youth 
who at the time of his illness was engaged in 
capturing mosquitoes from which the virus was 
also isolated. 

Field work in Tongaland was initiated in 1954 
with the collection of sera from indigenous resi- 
dents for antiviral immunity tests. This sero- 
logical survey (Kokernot et al., 1956) yielded a 
high percentage of sera protective against certain 
of the arthropod-borne particularly 
Bunyamwera and Bwamba fever. Following this, 
in April-May, 1955, an intensive investigation 
was conducted which resulted in the isolation of 
16 viral strains from mosquitoes and one from 
man. In the introduction to the series of papers 
dealing with these results Smithburn and de 
Meillon (1957) described the unique ecological 
situation of Tongaland that eventually led to the 
establishment of a permanent field station in that 
region near Ndumu. The work at this station has 
been conducted by field teams since 1956 for 
10-day to 2-week periods at monthly intervals 
from January through July, and at less frequent 
intervals during the rest of the year. One phase 


was 


viruses, 


1The studies and observations on which this 
paper is based were financed jointly by the South 
African Institute for Medical Research, the 
Poliomyelitis Research Foundation, the South 
African Council for Scientific and Industrial 
Research, and The Rockefeller Foundation, and 
were conducted with the collaboration of the 
Union Health Department. 

2 Address: South African Institute for Medical 
Research, P.O. Box 1038, Johannesburg, South 
Africa. 
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of the program has been the collection of mos- 
quitoes, and another the conduct of clinical ses- 
sions to seek out cases of fevers of undetermined 
origin and possible viral etiology. In both in- 
stances specimens are collected for possible virus 
isolation. The present report is concerned with 
isolations of Bunyamwera virus from such ma- 
terial collected by field teams in two successive 
periods of activity, namely April 30 to May 9 
and June 21 to 28, 1957. 


MATERIALS AND METHODS 


Previous reports from this laboratory have de- 
scribed the methods utilized in capturing mos- 
quitoes (de Meillon et al., 1957) and processing 
them for possible virus isolation (Kokernot, 
Heymann et al., 1957). At the field station mos- 
quitoes are pooled by species, killed by freezing 
or with cyanide (Kokernot, de Meillon e¢ al., 
1957) and then transferred to sterile Wasserman 
tubes which are plugged with wax-coated corks. 
The tubes are then stored in a cabinet or thermos 
flask containing CO; ice until they are processed 
at the laboratory in Johannesburg. 

Clinical sessions are conducted at selected sites 
in the study area by a qualified medical doctor. 
All individuals presenting themselves at these 
clinics receive treatment whatever their com- 
plaint; temperatures of all are taken and from 
those who have fever without obvious cause blood 
specimens are collected. Pertinent clinical data on 
each case from which a blood specimen is taken 
are recorded on a 5” x 8” card. On the same card 
fingerprints of the donor are made to assure cor- 
rect identification if and when a convalescent 
specimen is obtained. In the case reported in this 
paper the initial fingerprints and those taken 
when the convalescent specimen was obtained 
were found to be identical.* 


* We acknowledge with thanks the examination 
and opinion of these prints by a member of the 
South African Police force, Lt. G. Retief, Officer- 
a Local Finger Print Office, Johannes- 

urg. 
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The specimens collected at each clinic are 
allowed to clot and then placed in a thermos 
flask containing water ice or in a 4°C refrigerator 
until the clot has retracted. The serum is then 
removed and stored on CO, ice in sterile Luster- 
oid tubes. On arrival at the central laboratory 
the sera are allowed to thaw, one or two litters 
of young mice are inoculated intracerebrally 
with 0.02 ml each and six adult mice are similarly 
inoculated, but with 0.03 ml of serum. 

Convalescent specimens are obtained from 
many cases during the subsequent field trip. 
However, in the case reported here this was im- 
possible because the donor had left the area and 
could not be found for some time. The second 
specimen was collected 134 days after the original 
had been obtained. 

The method used in identifying the virus strain 
from the human being and mosquitoes was simi- 
lar to that described by Smithburn et al., (1957). 
Preliminary screening complement-fixation (CF) 
tests were done with a crude antigen prepared by 
making a 10 per cent suspension of infected in- 
fant mouse brain in chilled borate saline pH 9.0 
and centrifuging at 10,000 rpm for 1 hour. The 
supernate was used as the antigen. 

Casals et al., (1951), have described the method 
utilized in doing CF tests. Hemagglutination- 
inhibition (HI) tests were done according to 
methods Clarke and Casals in 
special reports from the laboratories of The 
Rockefeller Foundation in New York (Clarke and 
Casals, 1958). For use in the HI tests, Bunyam- 
wera antigen was prepared by sucrose-acetone 
extraction. Acute and convalescent sera were 
heat-inactivated in a 60°C water bath for 30 
minutes. Use of goose erythrocytes for the test 
was based on the report by Porterfield (1957) who 
found them superior to day-old-chick cells. The 
species of goose used by that investigator was 
not available, but cells from the common grey 
goose (referred to as Emden by the supplier) 
proved satisfactory. 


described by 


The strain of Bunyamwera virus used in 
neutralization (N) studies was the original isolate 
described by Smithburn et al., (1946) in its 44th 
mouse-brain passage. 


RESULTS 


Isolation and identification of virus strain from 
the human being. An African male (S8.M.), aged 
13 years, resumed employment with the arrival 
at Ndumu of the field team on April 30, 1957, 
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and assisted in making mosquito collections. He 
was born and reared in the immediate vicinity 
where such activity was being conducted and 
denied ever having travelled outside the area. At 
noon of May 9th, after having participated in 
making a morning’s catch, he reported sick to one 
of us (K.C.S.). His only complaint was of a 
headache which had its onset that morning on 
awakening. At first it was not incapacitating, but 
by noon it had become progressively more severe 
and he sought medical attention. On physical 
examination he appeared to be a fairly well- 
developed African male with fine features, in good 
nutritional status, but showing evidence of acute 
distress. His oral temperature was 102.8°F. No 
other positive physical signs were found in ex- 
amination of ears, throat, ocular movements, 
lungs, heart, abdomen and superficial and deep 
tendon reflexes. A venipuncture was made and 
about 15.0 ml of blood taken. The specimen was 
designated H 427. Serum was separated late that 
afternoon and stored on CO, ice. The clinical 
course of illness in this case was not followed be- 
cause field activities for that particular period 
were terminated the same day. However, when 
questioned at the time of obtaining a convalescent 
specimen 134 days later, he remarked that in ad- 
dition to the headache he had developed a stiff 
neck. He denied any residual subjective symp- 
toms and appeared to be normal. He was then 
employed as a domestic servant and his employer 
had not noticed any evidence of incapacitation. 

In the single litter of seven newborn mice 
inoculated at the central laboratory in Johannes- 
burg on May 11th, two were dead and five were 
sick on the second postinoculation day. Brains of 
the latter group were harvested for passage, 
pathological examination and storage. Passage 
was successful and a serially transmissible agent 
was established. The infective agent was suc- 
cessfully reisolated from serum that was again 
inoculated into a litter on May 13th. Suspensions 
of brains of sick mice receiving the inoculum failed 
to produce evidence of bacterial growth when 
cultured on nutrient broth or blood agar. 

The filterability of the infective agent was 
readily demonstrated by its passage through an 
asbestos filter pad (Ford’s Sterimat 8.B. grade). 
The first two mouse-brain passages were not 
pathogenic for young adult mice when inoculated 
intracerebrally. However, the virus was readily 
adaptable. A fifth-passage infected adult mouse 
brain gave a titer of 346,700 mouse-intracerebral 
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LDw»/0.03 gm. After additional passages, potent 
stocks of lyophilized virus were prepared and re- 
ferred to as H 427 strain corresponding to the 
field number of the blood specimen from which it 
was isolated. 

In order to obtain homologous immune serum 
a nonimmune Cercopithecus aethiops pygerythrus 
F. Cuvier monkey was inoculated intracerebrally 
with a fresh infant-mouse-brain preparation that 
titered in excess of 800,000 infant-mouse-intra- 
cerebral LD,so/0.02 gm. The monkey showed no 
clinical signs, but had a detectable viremia on the 
first postinoculation day. Subsequent tests con- 
firmed the identity of the agent as being the same 
as that inoculated. 

In an initial CF screening test, undiluted H 427 
virus antigen was tested against undiluted mouse- 
hyperimmune sera for Bunyamwera virus and 
four Tongaland virus isolates (AR 136,‘ AR 344,! 
H 336‘ and H 177). The results of this test indi- 
cated the fixation of complement by H 427 
antigen and Bunyamwera antiserum. There was 
no such reaction with the other antisera and all 
of the serum controls were negative. 

A quantitative CF test with this antigen was 
then done utilizing, in addition to antisera pre- 
pared from the Uganda strain of Bunyamwera 
virus, the strain isolated in Tongaland designated 
AR 11 (Kokernot, Heymann et al., 1957). The 
results gave further evidence of the relationship 
of H 427 viral strain to Bunyamwera virus 
(Table 1). 

Intracerebral neutralization tests in adult mice 
with H 427 and Bunyamwera viruses were done 
against the acute and convalescent-phase sera of 
the donor and pre- and postinoculation Bunyam- 
wera monkey sera. Sera from both sources were 
heat-inactivated for 1 hour at 56°C prior to test- 
ing. The acquisition of immunity against the 
homologous agent and Bunyamwera virus during 
convalescence of the donor indicated the origin of 
the virus from the individual and its relationship 
to Bunyamwera. The results shown in Table 2 
indicate furthermore that there is a significant 
reciprocal cross-relationship of the two viral 
strains. 

Results of in vitro serologic tests showed that 
the donor had a significant increase in titer of 
Bunyamwera HI antibodies. The acute specimen 


failed to inhibit agglutination at a dilution of 


‘ Strains of virus isolated in this laboratory not 
yet firmly identified. 


IN HOMO AND AEDES 


TABLE 1 


Results of complement-fization test with H 427 
virus antigen and hyperimmune sera for two 
strains of Bunyamwera virus 





Mouse hyperimmune serum* 


Antigen Bunyamwera, 1 in AR 11, lin 


8 |16 |32 64 |128 256 | 8 (16 |32 |64 |128 |256 


H 427, 1 in | | 


12! 


* Serum control negative. 





TABLE 2 


Results of intracerebral adult mouse neutralization 
tests with H 427 virus strain showing origin 
from a human being and relationship to 
Bunyamwera virus 


Virus 


H 427 


Bunyamwera 


Logs 
virus 
| neutral- 


Titer of 
virus, 


—_ Titer of | 
neutral- biog 


Donor, acute F 6. 
Donor, convales- 
cent 
M 230 preinocula- 
tion 
M 230 post-Bun 


yamwera 4.0 2.5 3.5 3.3 


* All sera tested after heat inactivation for 1 
hour at 56°C. 


TABLE 3 


Results of three types of tests with acute and con- 
valescent sera from donor of H 427 strain against 
Bunyamwera virus or antigens therefrom 


Type of test 


Hemaggluti- 
nation- 
inhibition 


Complement- 
fixation 


Neutraliza- 
tion 
Titer Serum dilution 


Acute (5.9.57) 10-83 <1:10 
Convalescent 


(9.20.57) 


<1:8 


10°3-? 1:40 
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TABLE 4 


Results of cross-neutralization tests with Bunyam 
wera, H 427, AR 800 and AR 802 virus strains 
and their respective pre- and postinoculation 


sera* 


Virus strain, logs neutralized 


H 427 AR 800 | AR 


Bunyamwera 


Bunyamwera.. 2 
H 427 3 
AR 800 3.§ 3.6 
AR 802 : 3. 


nw tw bw & 


6 9 
* Paired sera from the human being from 
which H 427 was isolated used in tests with that 
virus and Bunyamwera. 

t Sera heat-inactivated one hour at 56°C prior 
to testing. 


1:10, but the convalescent specimen inhibited 
this reaction at a serum dilution of 1:40. Bun- 
yamwera CF antibodies were demonstrable only 
in a 1:8 dilution of the convalescent specimen, but 
were not detectable in the same dilution of acute- 
phase serum. These results and those of the N 
tests are summarized in Table 3. 

Isolation and identification of viral strains from 
mosquitoes. Two of the three strains were isolated 
from mosquitoes caught during the period of field 
activity April 20 to May 9, 1957; the third was 
isolated from mosquitoes caught in June. All 
three agents came from pools of Aedes (Banksi- 
nella) circumluteolus. The pool designated AR 800 
consisted of 431 mosquitoes of this species caught 
May 6th and that designated AR 802 consisted 
of 408 caught May 7th. In the latter pool 49 of 
the mosquitoes were collected from a tree plat- 
form 46 feet above the ground level where the 
remainder were collected. On May 13th the pools 
were suspended separately in 10.0-ml portions of 
bovine plasma albumin and after centrifugation 
and addition of antibiotics the supernates were 
each inoculated intracerebrally into a litter of 
newborn mice and a group of six adults. In each 
case the original inoculation and a repeat inocu- 
lation done 2 days later resulted in sickness or 
death of infant mice on the second postinocula- 
tion day. The infective agents were successfully 
passed through an asbestos filter and subse- 
quently referred to as AR 800 and AR 802 virus 
strains. 

On first passage neither of the strains caused 
sickness in adult mice, but second passage AR 


802 produced 100 per cent mortality in the six 
adult mice inoculated intracerebrally with a 10 
per cent infected infant-mouse-brain suspension. 
A fourth-passage adult-mouse brain contained 
20,000,000 intracerebral-adult-mouse LDs»/0.03 
gm. AR 800 virus did not adapt to the older mice 
as readily. At the fourth-passage level a 10 per 
cent suspension of infected infant-mouse brain 
caused only 50 per cent mortality in the six 
adults inoculated. However, by the sixth passage 
it regularly caused death of adult mice and its 
titer was comparable to that of the AR 802 
strain. 

Guinea pigs were inoculated intracerebrally 
(after first obtaining preinoculation blood speci- 
mens) with each virus strain in order to deter- 
mine their identity and relationships. The results 
of cross-neutralization tests with AR 800, AR 
802, H 427 and Bunyamwera viruses against 
their respective pre- and postinoculation guinea- 
pig or monkey sera are shown in Table 4. These 
results also incorporate those presented in Table 
2 in which H 427 and Bunyamwera viruses were 
tested against the paired sera from the human 
being. The results of these tests indicate the rela- 
tionship of the virus strain isolated from the 
human being with the two strains derived from 
mosquitoes. Furthermore, the results show that 
all three are identical with, or closely related to, 
Bunyamwera virus. 

The third virus strain, designated AR 825, was 
isolated from a pool of 150 Aedes (Banksinella) 
circumluteolus mosquitoes collected June 27th, 
which was during the subsequent field trip. The 
pool was processed and inoculated on July Ist in 
the same manner as that described above for the 
other two strains of virus derived from mosqui- 
toes. Of the 12 newborn mice (two litters) in- 
oculated, all were either dead or sick on the third 
postinoculation day. The group of six adult mice 
similarly inoculated remained well for the 21-day 
observation period. However, the agent was 
readily adaptable to the older mouse, as evidenced 
by 100 per cent mortality in the group inoculated 
with first-passage infected infant-mouse brain. 

Che infective agent was reisolated from the 
mosquito suspension after storage for 3 days at 

—20°C. 

Utilizing AR 825-infected mouse brains and 
pre- and postinoculation Bunyamwera monkey 
serum, an intraperitoneal N test was done in 
newborn mice. The virus titer in the preinocula- 
tion serum was 1077-5, while in the postinocula- 
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tion serum it was 10~*-®. An intracerebral adult- 
mouse N test with AR 825 virus was done against 
pre- and postinoculation AR 800 guinea-pig 
serum. In the preinoculation serum the titer was 
10-7 and in the postinoculation serum, 107*-*. In 
each test AR 825 virus was neutralized to a sig- 
nificant degree by sera for two strains of Bun- 
yamwera virus. It is thus clear that AR 825 strain 
is related to, or identical with, Bunyamwera virus. 


DISCUSSION 


In the paper reporting the original isolation of 
Bunyamwera virus, serological evidence was pre- 
sented that this virus attacks man. Subsequently 
Southam and Moore (1951) described severe 
encephalitis in a human being inoculated intra- 
venously with the virus. The results presented in 
the present communication furnish additional 
evidence that Bunyamwera virus in nature is a 
causative agent of disease in human beings. The 
isolation and successful reisolation of Bunyam- 
wera virus from the blood during the acute illness 
and the demonstration of development of signifi- 
cant neutralizing antibodies to the homologous 
agent following the attack, clearly indicate infec- 
tion with this virus. 

The immunological pattern in the case reported 
in this paper is similar to that noted in sera of 
individuals from infection with 
other of the arthropod-borne viral agents. This 
observation has been that both neutralizing and 
HI antibodies are more persistent than CF anti- 
bodies. 

It is highly probable that the mode of infection 


convalescent 


in this case was by a mosquito vector, probably 
Aedes (Banksinella) circumluteolus. The person 
from whom the virus was isolated was engaged in 


catching mosquitoes, and from two lots of this 
species caught at that time strains of the same 
agent were derived. In a previous study, de 
Meillon et al., (1957) cite results of precipitin 
tests which indicate that this mosquito species 
occasionally feeds on man. Utilizing laboratory- 
reared Aedes (Banksinella) circumluteolus, Pater- 
son (to be published) has shown this species to be 
a capable vector of Bunyamwera virus as indi- 
cated by successful mouse-mosquito-mouse trans- 
missions. 

From the time when mosquito-catches were 
made that yielded strains of this virus, and the 
onset of clinical symptoms, it is possible to postu- 
late the period of incubation. AR 800 strain was 
isolated from mosquitoes collected May 6th and 
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AR 802 from mosquitoes collected May 7th, 
which were 3 and 2 days, respectively, before 
onset of symptoms May 9th. This interval cor- 
responds to the 3-day incubation period in the 
case of infection induced by inoculation 
(Southam and Moore, 1951). 

The isolation of Bunyamwera virus from blood 
of a naturally infected human being gives in- 
creased significance to the results of serological 
surveys which have previously been reported. 
The public health importance of this virus as a 
causative agent of disease in man should be ap- 
parent in regions where protective sera have been 
found. Thus it should be considered important in 
such regions as East Africa (Smithburn, 1952) 
and Borneo (Smithburn, 1954) where protective 
sera have been found (12/296 and 6/49, respec- 
tively). Because of the relatively small sample of 
the total population represented in these surveys, 
one might anticipate an even higher incidence of 
immunity among residents of certain ecological 
niches. In South Africa, for example, the im- 
munity rate to Bunyamwera virus reported in the 
serological survey for neutralizing antibodies to 
that agent in the Union of South Africa was 41/ 
1,365. Of this number, 16 of the protective sera 
were detected among 35 residents sampled at 
Simbu Pan in Tongaland. An intensive survey 
has been made of sera collected from numerous 
other localities in Tongaland, and from this study 
(Smithburn et al., in preparation) it appears that 
there are very definite ecological patterns asso- 
ciated with a high incidence of immunity to 
Bunyamwera virus. 


SUMMARY 


1. The isolation of a strain of Bunyamwera 
virus from the blood of a naturally infected 
human being is described. 

2. Following infection there was a significant 
increase in titer of both neutralizing ana hemag- 
glutination-inhibiting antibodies in tests con- 
trolled by the inactivated acute serum from which 
the virus was isolated. 

3. The significance of Bunyamwera virus as a 
causative agent of disease in human beings is 
discussed. 

4. Three strains of this virus were isolated 
from Aedes (Banksinella) circumluteolus mosqui- 
toes and two of these were from insects collected 
during the same time period and in the same 
locality where the human case acquired infection. 

5. Evidence is discussed which would indicate 
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that this mosquito species is a potential vector of 
Bunyamwera virus. 
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THE SEROLOGICAL REACTIONS IN YELLOW FEVER 


MAX THEILER anp JORDI CASALS 


The Rockefeller Foundation Virus Laboratories, New York 


Knowledge of the immunological relationships 
among the arthropod-borne animal (arbor) vi- 
ruses has increased considerably in recent years. 
The systematic study of these relationships has 
been greatly stimulated by the development of 
hemagglutinins for a large number of these 
agents (Sabin and Buescher, 1950; Sabin, 1951; 
Sweet, Chanock and Sabin, 1953; Casals and 
Brown, 1954; Clarke and Theiler, 1955). By the 
use of hemagglutination inhibition (HI) tests, 
Casals and Brown (1954) showed that yellow 
fever is closely related to a number of other 
arbor viruses, among them dengue type 1, dengue 
type 2, [lheus, West Nile, St. Louis, Japanese B 
and Russian spring-summer encephalitis. These 
immunologically related agents, together with 
certain others, were 
The marked overlap 
between members of Group B, as shown not only 
by HI but also by complement-fixation (CF) 
and at times by neutralization (N) tests, made 
it desirable to evaluate the usefulness of these 
tests in the diagnosis of human infections due to 
Group B viruses. 


named Group B arbor 


viruses. immunological 


The recent occurrence of human cases of yellow 
fever in Trinidad and near Belem, Brazil, offered 
an opportunity for a detailed study of the immu- 
nological response in this infection. In each case 
diagnosis of yellow fever was made by isolation 
of the virus from acute-phase sera and indentifi- 
cation by N tests with known yellow-fever- 
immune sera. The isolation and identification of 
the Trinidad strains has been described by Downs 
(1955). In this paper the Trinidad cases are 
designated by the case number preceded by the 
letters Tr. All the virus strains from Brazil were 
isolated by Dr. O. R. Causey, of the Belem 
Virus Laboratory, and sent to these laboratories 
for identification. The Brazilian cases are labeled 
AP or UR. It should be emphasized that the 
diagnosis was made by the isolation and identifi- 
cation of virus from each case and not by sero- 
ogical studies of the convalescent-phase sera. 

METHODS AND MATERIALS 


The techniques for the preparation of antigens 
and the methods for carrying out CF and HI 
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tests have been described (Casals and Palacios, 
1941; Casals and Brown, 1954; Clarke and Casals, 
1955). Antigens for either test consisted of 
acetone-ether extracted brain tissue from 
newborn mice inoculated with the corresponding 
virus. In the CF test, 8 units of antigen were 
used and the sera were tested in serial 2-fold 
dilutions beginning at 1:4. The titer of a serum 
is recorded in the tables as the denominator of 
the dilution of serum that gave 3 plus or better 
fixation. In the HI tests also, 8 units of antigen 
were used. Following removal of nonspecific 
inhibitors by means of bentonite, the sera were 
tested in serial 2-fold dilutions commencing at 
1:10. The titer of a serum is recorded in the 
tables as the ordinal of the tube in which the 
highest dilution of serum gave complete inhibi- 
tion of hemagglutination; for example, 1 equals : 
titer of 1:10, 2 a titer of 1:20 and so on. 

The N test by intracerebral route of inoculation 
of 9.03 ml into young adult mice was used. The 
mixtures of serum and virus were prcpazed so as 
to contain approximately 100 LD » of virus in 
0.03 ml of the mixture and incubated for one 
hour at 37°C before inoculation. Six mice were 
inoculated with each serum-virus mixture; in 
each test a titration of the virus suspension was 
included. The results of the neutralization tests 
are recorded in the tables according to the pro- 
tective ratio (PR), that is, mice surviving of six 
inoculated, or the average survival time (AST); 
the latter is often of value in indicating a slight 
neutralizing action of sera. Neutralization tests 
were observed for 21, 17, 14 and 10 days, respec- 
tively, for dengue type 1, dengue type 2 (Tr 
1751), Ilheus and yellow fever. The following 
virus strains were used: dengue type 1, Hawaii; 
dengue type 2, Tr 1751; Ilheus, Laemmert and 
Hughes; St. Louis, Parton; yellow fever (French 
neurotropic for N tests, and JSS for HI and CF 
test antigens); West Nile, Egypt 101. 

With the exception of West Nile, all the viruses 
in the various tests were either known to be, or 
suspected of being, present in Trinidad or the 
Amazon Valley. 

As far as quantities permitted, all the acute 
and convalescent sera were tested in the HI and 
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TABLE 1 


Serological reactions in primary yellow fever infection 


Day Hemagglutination inhibition 
ays 
after ~ - 


onset | yP Mh. | Dent | WN | jf 
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Complement fixation Neut. test YF 


L mr | mb. | Dent |St.L| ,- AST 


0 

0 0 

0 U0 

0 0 

0 0 

0 0 

0 0 

16 4 

0 0 0 

Ss 0 0 

0 0 0 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
8 4 Tr Tr 


Sera obtained for routine survey purposes before the onset of the yellow fever epidemic. 


CF tests with a battery of Group B antigens and 
in N tests with yellow fever, Ilheus, dengue 1 and 
Tr 1751 viruses. 
RESULTS 
Soon after the initiation of these studies it 
became apparent that the in vitro results could 


be roughly divided into two groups according to 
the pattern of the serological reactions. The 
first group (Table 1) is composed of those cases 
in which the convalescent sera (with one excep- 
tion) gave clear-cut, positive CF reactions with 
yellow fever antigen only. Occasionally (UR 29, 
UR 220, AP 55, AP 67, AP 53) positive reactions 
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TABLE 2 


| D Hemagglutination inhibition 
| ays 


St. 


Case No. | after —— 
| onset YF Ilh Deni | WN | Rif 
Tr 4140 0 3 3 l 2 
109 7 9g 7 9 
Tr 4317 0 7 9 8 9 
22 10+ 10+ 104 12 
Tr 5689 12 7 10+ 7 9 
36 10 10+ 9 ll 
Tr 5900 5 5 7 5 7 
35 10+, 104 9 il 
| 295 7 9 6 8 
UR 11 |—25* 1 0 0 l 
28 9 10 9 10+ 9 
60 7 9 7 9 
UR 19 -16* 0 6 0 4 
25 9 10+ 8 10+ 
58 8 10 8 9 
UR 48 3 0 0 0 0 
47 9 10+ 8 10+ 
77 6 9 6 8 
UR 51 2 0 0 0 0 
35 7 3 5 9g 
65 4 5 3 5 
UR 79 1 2 4 0 4 
| 31 9 | 10+, 8 | 10+ 
84 6 9 6 8 
AP 24 l 0 2 0 l 
10 9 12+ g ll 
AP 96 3 0 0 0 
26 6 5 6 
AP 66 3 
25 10+ 10+ 10+ 


occurred with other antigens; except for AP 53, 
however, these heterologous reactions were much 
weaker than with yellow fever. The same sera 
all inhibited hemagglutination by yellow fever 
antigen and ordinarily gave some inhibition with 
one or more of the other antigens used. Typically, 
inhibition of the homologous (i.e., yellow fever) 
antigen occurred earlier in convalescence and at 
higher dilutions than inhibition of the heterolo- 
gous antigens. Although in two cases one or more 
of the heterologous reactions were equal to the 
homologous one, the heterologous reaction never 
exceeded the yellow fever effect. 

A second group of sera from 12 convalescent 
individuals exhibited strikingly different patterns 
in the CF and HI tests (Table 2). The sera fixed 


complement with at least three, and frequently 


* Sera obtained for routine survey purposes before the onset of the yellow fever epidemic. 


Serological reactions in cases of secondary infection with yellow fever 


Complement fixation Neut. test YF 








L.| YF | Mh. | Dent | St. L. | an | PR | AST 
| | | 
3 0 0 0 0 | | 0/6| 5.3 
9 | 16 | 128 | 16 128 | | 6/6 | 10.0 
9 0 | 0/6 | 6.0 
11 | 16 | 128+) 128+) 128+| 6/6 | 10.0 
9 2/6 | 7.5 
11 | 128 | 128+) 32 | 1284 2/6 | 8.7 
7/ o| 1] 4 | 16 | | 0/6| 5.8 
11 | 32 | 128+] 64 | 128+] 5/6 | 9.6 
9 | 6 |128 | 8 | 64 | 64 | 
0 0 0 0 | 0/6] 5.3 
32 128+ 0 64 4/5 9.8 
9 | 1284+) 128+) O | 128 | 16 
| O | | 0/6 | 4.8 
| 4 | 128+) 4 | 64 | | 6/6 | 10.0 
9 | 128+) 128+) 8 | 128+) 64 
0 0 0 0 OI 1/6| 5.5 
32 | 128+) 0 | 64 6/6 | 10.0 
8 | 6 | 64 | 4 | 64 S 
0 0 0 0 0/6 | 4.7 
16 | 16 0 S 6/6 | 10.0 
5 | 16 | 16 0 8 | 0 
0 4 0 0 | 0/6 | 5.0 
| 8 | 128+) 8 | 128+) 6/6 | 10.0 
8 | 16 | 64 4 | 64 8 
0; 0} 0 | 0 | 0 0/6 | 5.2 
11 | 128+) 128+) | 128+] 128+! 6/5 | 10.0 
| o!| O| Of Of} O | Of] 6.3 
| 64 | 64 0 | 32 8 | 6/6 | 10.0 
| 0 0 0 0 0 | 
10+| 128+| 128+| 32 | 128+) 128+) 2/6| 8.7 





with all five, of the antigens used. In spite of 
the fact that the diagnosis of yellow fever was 
never in question (virus was isolated in all cases), 
titers obtained with heterologous antigens were 
frequently higher than those obtained with yellow 
fever. 

The HI test also revealed a broad spectrum of 
heterologous antibodies. The sera inhibited to 
some degree all of the six antigens employed, and 
in 10 of the 12 cases one or more of the heterolo- 
gous reactions occurred in higher dilutions than 
did the homologous one. 

It seems highly improbable that the differ- 
ences observed in the reactions of these two 
groups of sera could have occurred by chance. A 
more likely eixplanaton is to be found in the 
hypothesis that the first group of convalescent 
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TABLE 3 


Results of neutralization tests with acute and convalescent sera from primary cases of yellow fever 


Days after onset 


sera obtained Dengue type 1 


Case No 


Acute Conval 


Acute |Conval.| AST PR AST | PR 
4 36 13.7 5114.8] 0 
103 13.: 0 
441 
Tr 4403 : 50 
Tr 4754 : 40 
Tr 5558 48 
UR 29 29 
59 
UR 46 ; 47 


—_ 


‘a 
UR 47 , 47 17.: 

77 11. 
UR: . 50 3. 12. 
89 12.: 
40 18.: 
18 14. 
11 12 
26 12 
11 ; 0/6 | 11. 
24 15 
26 : 2/6 | 11. 
23 r 1/6 | 13 
24 > 0/6 | 14.: 
24 14. 
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rmowo =I 
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nm 


owg 


nw bo 


Virus strains used in tests 


Dengue Tr 1751 Ilheus 


Acute Conval Conval 


AST PR AST PR AST AST 


ow wm OW 
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eowm aon s 


20 th OO bh OO 


3 
9 
7 
9 
‘ 

5 
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Sera obtained for routine survey purposes before the onset of the yellow fever epidemic. 


sera came from persons who had not previously 
suffered from an infection with a Group B virus. 
The second group would then represent cases in 
which the current attack of yellow fever occurred 
against a background of previous Group B infec- 
tion. 

Such an explanation is consistent with experi- 
ments performed in this laboratory in which 
animals were infected first with one and later 
with another virus of the same group (Casals, 
1957). The human sera alone, however, provide 
strong supporting evidence for the assumption. 
Table 3 and the last two columns of Table 1 
reveal that none of the patients assigned to group 
I on the basis of the reactions of their convales- 
cent sera possessed protective antibodies against 
any of the Group B viruses prior to their infection 
with yellow fever. Table 1 shows furthermore 
that none of these patients had hemagglutinating 
or CF antibodies against any Group B antigen 


prior to infection with yellow fever. The only 
acute serum giving positive reactions in the HI 
and CF tests and partial protection in the N 
test was taken on the fifth day of illness, late 
enough to allow demonstration of antibodies 
produced in response to the current infection 
(Tr 4754). 

In sharp contrast to the foregoing results, 
almost all the acute sera from group II patients 
gave evidence of previous attacks of Group B 
infection (Table 4). This evidence varies in 
degree. Four of the 11 sera tested (Tr 5689, Tr 
5900, UR 51 and UR 79) gave clear-cut protection 
against Ilheus virus. One of these gave complete, 
and another (Tr 5689) partial, protection against 
dengue 1 as well. A fifth serum (Tr 4317) also 
gave partial protection against dengue 1; unfortu- 
nately, the reaction of this serum against [lheus 
could not be tested. 

In summary, then, of the 11 acute sera used in 
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TABLE 4 


Results of neutralization tests with 


acute and convalescent sera from cases of secondary infection with 


yellow fever 


Days after onset 
sera obtained 
Dengue type 1 


Acute Conval 


Acute |Conval 


PR | AST | PR 


4/6 
6/6 } 
5/6 
6/6 
4/6 
5/6 
6/6 | 
1/6 
6/6 


Tr 4140; 0 14.5 
Tr 4317 0 22 

Tr 5689 | 12 36 18.: 
Tr 5900 5 | 35 21 
UR 11 |—25* 28 14.¢ 
UR 19 |—16* 25 15 
UR 48 , 47 

UR 51 ; 35 14 
UR 79 31 16.5 
AP 24 10 

AP 96 : 26 13.£ 
AP 66 : 25 


Virus strains used in tests 





Dengue Tr 1751 


Acute Conval Conval. 


AST PR 


AST PR 


18. 5/6 
14.0! 6/6 
| ; 14. 6/6 
0/6 ; i B. /6 | 10.5 3/6 
0/6 ; 3/6 14. 6/6 
0/6 | 15. 3/6 : 7. 0/6 
0/6 | 14. 3/6 | 14. | 14. 6/6 
0/6 | 15. 2/6 | 14. / 14. 6/6 
0/6 : 14.0} 6/6 

7.5 | 0/6 
| 14.0| 6/6 





* Sera obtained for routine survey purposes before the onset of the yellow fever epidemic. 


the protection tests, four give clear, and a fifth 
partial, evidence of a previous infection with a 
Group B virus. In evaluating the six negative 
cases, it should be borne in mind that only a 
limited number of viruses were used in the pro- 
tection tests. The amount of serum available 
made it necessary to restrict its use to testing 
for viruses known to be active in the area. It is 
now known that at least one other Group B virus 
(St. Louis) may be found in Trinidad. In one of 
the negative cases (Tr 4140) and one of the 
doubtful cases (Tr 4317), it was not possible to 
test for antibodies against more than one virus. 

We must, therefore, turn to the HI tests on 
acute sera for further evidence. Of the six sera 
that failed to provide protection against the 
Group B antigens used (Tr 4140, UR 11, UR 19, 
UR 48, AP 24 and AP 96), four (Tr 4140, UR 11, 
UR 19 and AP 24) inhibited agglutination with 
two or more of the Group B antigens. In one of 
them, the reaction occurred in only the first 
tube and may be nonspecific. If this test is 
accepted at face value, however, we are left 
with only two acute sera in group II (UR 48 and 
AP 96) that gave no evidence in either the pro- 
tection or HI tests of previous Group B infection; 
acute serum from a third, AP 66, was simply not 
available for these tests. These three cases have 
been placed in group II largely because their 
convalescent sera fixed complement with Group 


B antigens according to the pattern typical of 
patients with a demonstrable previous infection 
with either Ilheus or dengue. It should be noted 
here that convalescent serum UR 48 protected 
against dengue, and convalescent serum AP 66 
against Ilheus, as well as against yellow fever. 
As will be shown later, this early deveiopment of 
heterologous antibody is more characteristic of 
group II than of group I or primary infections. 

The fact that no Group B antibodies of any 
kind could be demonstrated in the acute sera of 
the two out of these three cases tested may be 
interpreted in various ways. In the first place, it 
could be concluded that the individuals in 
question had never suffered from a Group B 
infection before succumbing to yellow fever. 
Such an assumption would, of course, cast doubt 
on the generality of the hypothesis that the 
broad pattern of heterologous immune response 
described as characteristic of our second group of 
yellow fever patients is due to sensitization by a 
previous attack of Group B infection. Somewhat 
more probable is the supposition that these 
patients had suffered a Group B infection by a 
virus (e.g., St. Louis) which was not used in our 
battery of tests, or that infection with Ilheus or 
dengue had occurred so long ago that demon- 
strable antibodies had disappeared. 

Since either of these latter assumptions seems 
reasonable, it is proposed, for the time being at 
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least, to refer to the group II infections as second- 
ary or sensitized infections and to regard the 
immunological patterns exhibited by group I as 
characteristic of infection in individuals who 
have not suffered a previous attack with a Group 
B virus, i.e., as primary infections. 

We may now turn to a presentation of various 
other characteristics that differentiate the 
immune responses developed in the two types of 
infection. 

TIME COURSE OF ANTIBODY PRODUCTION 
AND DISAPPEARANCE 


Primary Infection 


Table 1 summarizes the results obtained by 
HI, CF and yellow fever N tests in the 17 cases 
we consider to be primary infections of yellow 
fever. 

The convalescent sera from all 17 cases in- 
hibited agglutination with a yellow fever antigen 
and, in most instances, to a greater or lesser 
extent with other Group B antigens. These 
results indicate that, in primary yellow fever 
infections, homologous HI antibodies are pro- 
duced first. Heterologous antibodies, however, 
appear very shortly afterwards. This order of 
development is illustrated particularly clearly 
by the findings with two convalescent sera from 
AP 55, obtained 11 days and 24 days after onset. 
In the HI tests, the first specimen gave a com- 
pletely specific reaction, whereas the second 
inhibited agglutination with all four Group B 
antigens used in the test. Most of the late con- 
valescent sera showed a very broad overlap with 
other Group B antigens. However, the titers 
obtained with a yellow fever antigen were in- 
variably as high as, or higher than, those obtained 
with other antigens. Titers in general were 
moderate and ranged from 1:10 to 1:640. There 
is a marked tendency for titers to decline with 
time, as is clearly shown by the results obtained 
with the three convalescent sera from Tr 2942, 
secured 36, 103 and 441 days after onset. The 
HI titers with a yellow fever antigen were 1:640, 
1:160 and less than 1:10, respectively. A similar 
decline was observed in most cases where two 
convalescent sera were available. That HI anti- 
bodies may develop very rapidly is shown by the 
studies of case Tr 4754; the acute serum obtained 
on the fifth day of disease inhibited agglutination 
with all four Group B antigens. 

In primary infections, the CF test was remark- 


MAX THEILER AND JORDI CASALS 


ably specific. As a rule, cross-reactions with other 
Group B antigens occurred only when the 
homologous titer was high. Reactions with 
heterologous antigens were low. An exception to 
this pattern is case AP 53, in which the convales- 
cent serum obtained 24 days after onset fixed 
complement in a 1:8 dilution with yellow fever 
and Ilheus antigens; a slight anticomplementary 
action of this serum could not be entirely ruled 
out. ; 

There is some evidence that CF antibodies 
develop later than HI antibodies. In several 
instances, sera obtained soon after infection (11 
days) were negative by the CF test even though 
positive by the HI (cases AP 22 and AP 55). 

In the seven cases for which more than one 
convalescent serum was available, the HI test 
had reached maximum titers in the first speci- 
men, taken between the 36th and 50th days (at 
11 days for AP 55), and gave lower titers in the 
second specimen taken between the 59th and 
293rd days. The CF titer, on the contrary was, 
with one exception (UR 57), greater in the second 
specimen than in the first. 

There is great variation in the time after onset 
at which CF antibodies become demonstrable. 
The earliest bleeding giving a positive result was 
obtained on the fifth day after onset (case Tr 
4754). Two sera (AP 55 and AP 22) obtained 11 
days after onset were negative. A second con- 
valescent serum from AP 55, obtained 24 days 
after onset, fixed complement in the presence of 
a yellow fever antigen in high titer. The 11th- 
day bleeding from AP 22 was the only convales- 
cent serum available and consequently it is not 
known if or when the patient developed CF anti- 
bodies. In two instances (Tr 2942 and UR 29), 
sera obtained as late as 36 and 29 days after onset 
showed only a trace of CF antibodies. Bleedings 
from these patients obtained 103 and 59 days 
after onset, however, fixed complement in dilu- 
tions of 1:16 and 1:64, respectively. These results 
indicate that CF antibodies may on occasion be 
slow in developing, but are produced over a long 


period of time. In fact, CF antibodies were usually 


found to be increasing at a time when HI anti- 
bodies were decreasing. 

As will be shown later, the pattern of CF 
antibodies in primary cases of yellow fever differs 
markedly from that seen in secondary infections. 
Our studies indicate that the CF test with a 
battery of Group B antigens is the method of 
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choice for distinguishing primary from secondary 
infection. 

As determined by the intracerebral test in 
adult mice, the time needed for development of 
specific N antibodies following a primary infec- 
Antibodies 


tion, varies considerably. may be 


present as early as the fifth day (Tr 4754). On the 
other hand, their development may be very slow. 


The results given by the two convalescent sera 
from case Tr 2942 are a good illustration of de- 
layed appearance of antibodies. The first con- 
valescent serum, obtained 36 days after onset, 
gave a negative result, whereas the second, ob- 
tained after 103 days, gave clear-cut protection. 
Several of the convalescent sera obtained up to 
50 days after onset gave inconclusive or partial 
protection in the standard intracerebral yellow 
fever N tests. 


Secondary Infections 


The pattern of HI antibodies in what we 
interpret as secondary infections differs radically, 
as a rule, from that seen in primary infections. 
Table 2 shows that there was usually no evidence 
of relative specificity. The titers obtained with 
all antigens were almost always high, ranging 
from 1:640 to than 1:20,480. The CF 
results were equally nonspecific. In most in- 


more 


stances, the titers obtained with heterologous 
antigens were higher than those obtained with a 
yellow fever antigen. The available evidence 
indicates that, in all probability, the majority 
of the cases classified as secondary infections were 
instances of yellow fever in Ilheus-immune indi- 
viduals. In the analysis of the CF patterns ob- 
tained with 
brought out that the titers obtained with an 
Ilheus antigen were invariably as high as, or 
higher than, the titers observed with the other 
Group B antigens included in the test. Almost 
equally high titers were obtained with a St. 
Louis antigen; results no doubt due to the marked 


the convalescent sera the fact is 


immunological overlap between this virus and 
Ilheus. 

There was some indication that in secondary 
infections both the HI and CF antibodies ap- 
peared earlier than in primary infections. This 
pattern is clearly illustrated by the results ob- 
tained with sera from cases AP 22, a primary 
infection, and AP 24, a secondary infection. With 
the convalescent serum from AP 22, taken 11 
days after onset, the only reaction observed in 
the HI test was a 1:20 inhibition with a yellow 
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fever antigen; the CF test was completely nega- 
tive. The 10th-day serum from AP 24 reacted in 
the HI tests in titers of 1:2,560 to 1:20,480 with 
six different Group B antigens and in the CF test 
with titers of more than 1:128 with the four 
antigens used. The acute specimen from AP 22 
was completely negative by all tests, while the 
acute specimen from AP 24 gave a 1:20 inhibi- 
tion with an Ilheus antigen. Furthermore, the 
convalescent specimen obtained from AP 24 
showed protective antibodies in an Ilheus N 
test. The indications are that AP 24 is an example 
of yellow fever infection in an Ilheus-immune 
individual. The fact that in the standard yellow 
fever protection test the convalescent serum from 
AP 22 gave an inconclusive result whereas that 
from AP 24 was fully protective, may also be 
significant as indicating more rapid production 
of yellow fever N antibodies in the latter than in 
the former. 

Hemagglutination-inhibiting antibodies were 
present in six of nine acute sera and in two pre- 
infection sera from cases of secondary infection. 
Since four of the positive acute sera were obtained 
during the first few days after onset of illness, 
the HI antibodies can be taken as good evidence 
of previous Group B virus infections. The HI 
antibodies in the other two positive acute sera 
(Tr 5900 and Tr 5689), obtained on the fifth 
and twelfth days, could be the result of the yellow 
fever infection. No HI studies were made on one 
of the acute specimens (AP 66). 

Not enough observations are available to de- 
termine the duration of the pattern of HI and CF 
antibodies following a secondary infection. 

In general, the development of yellow fever 
neutralizing antibodies was more marked in 
secondary infections than in primary infections. 
All but two of the convalescent sera gave clear- 
cut protective results. The two exceptions were 
a 36th-day specimen from Tr 5689 and a 25th-day 
specimen from AP 66, both of which gave only 
partial protection. Tr 5689 is of unusual interest. 
The acute serum, which was obtained on the 
twelfth day of disease (Downs et al., 1955), not 
only had high titers of HI antibodies to all Group 
B agents, but also gave clear-cut protection 
results in Ilheus and partial protection in dengue 
type 1 N tests. This case is manifestly an example 
of secondary infection. In the yellow fever N test, 
however, both the acute and convalescent sera 
from Tr 5689 were only slightly protective. The 
acute specimen gave a 2/6 protective ratio with 
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an AST of 7.5 days, and the convalescent serum 
gave a similar protective ratio but an AST of 
8.7 days. 
THE DEVELOPMENT OF HETEROLOGOUS 
NEUTRALIZING ANTIBODIES 


The results of the in vitro tests indicated 
clearly that, following a yellow fever infection, 
antibodies are developed that react not only 
with an homologous antigen but also with related 
Group B antigens. These cross-reactions were 
much more marked in the cases we have classified 
as secondary infections. It was of interest to 
determine if N antibodies also gave patterns 
characteristic for the two types of infection. 
The viruses used in the tests were dengue type 1, 
Tr 1751 strain of dengue type 2 and Ilheus. Re- 
sults for primary infections are summarized in 
Table 3, and those for secondary infections in 
Table 4. 

The results show that in cases of primary infec- 
tion N antibodies to the two types of dengue were 
entirely absent in all acute sera. They also suggest 
strongly that, following a primary yellow fever 
infection, there is a development of minimal 
amounts of N antibodies to the two types of 
dengue. The AST’s obt&ined with the convales- 
cent sera were in general longer than the AST’s 
for the acute sera. Only two convalescent sera 
gave partial protection results, in both instances 
against dengue type 1 virus: a 50th-day specimen 
from case Tr 4403 and a 40th-day specimen from 
UR 220. The acute serum from case Tr 4403 was 
negative in the test; the acute serum from case 
UR 220 was not tested. All of 11 acute or pre- 
infection and 
primary infections gave completely 
results in the Ilheus N test. 

The pattern of N antibodies in secondary 
infections was quite different from that in pri- 
mary infections (Table 4). In the dengue type 1 
test, one acute serum (Tr 5900) gave a positive 
result and two (Tr 4317 and Tr 5689) gave par- 
tial protection. These three cases may have had 
a previous dengue infection. The remaining six 
preinfection and acute sera were negative. Of 
eleven convalescent sera tested, seven were pro- 


sera 23 convalescent sera from 


negative 


tective, two inconclusive and two negative to 
dengue type 1. It will be observed that whenever 
paired sera from the same individual were tested, 
in all cases but one (UR 51) the AST’s of the 


convalescent sera were significantly longer than 
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those of the acute-phase sera. These results 
indicate clearly that a yellow fever infection in 
the majority of these cases led to the develop- 
ment of significant amounts of antibodies capable 
of neutralizing dengue type 1 virus. 

Although the number of tests made with the 
TR 1751 strain of dengue type 2 is limited, it is 
clear that all of six convalescent sera showed some 
ability to neutralize this virus, in on® instance 
(UR 19) sufficient to protect all the mice. In 
addition, three of these sera gave partial pro- 
tective results. 

In the Ilheus N tests, four of seven acute sera 
and eight of eleven convalescent sera were pro- 
tective. One convalescent serum was partially 
protective and two were negative. Paired sera 
from seven patients were available. In four 
instances, both members of a pair protected the 
mice; an indication that the donors of these 
sera were Ilheus-immune at the time they ac- 
quired their yellow fever infection. Of the remain- 
ing three pairs, all three acute and two convales- 
cent sera were negative in Ilheus protection tests; 
the third convalescent serum gave partial pro- 
tection. The positive Ilheus convalescent sera can 
be taken as good evidence of a secondary infec- 
tion. It should be recalled here that all the con- 
valescent from primary infections were 
negative in the Ilheus N tests. We are probably 
correct in concluding that the majority of the 
cases which we have classified as secondary infec- 


sera 


tions were in fact cases of yellow fever infection 
in Ilheus-immune individuals. 


DISCUSSION 


The clear distinction in antibody patterns 
between primary and secondary infections with 
yellow fever may be considered typical of infec- 
tions with Group B agents. Evidence for this 
statement has been derived in these laboratories 
from the results of experiments in animals with 
a variety of Group B viruses as well as from the 
study of St. Louis and Japanese B infections in 
man. The marked serological overlaps shown by 
convalescent sera are obviously very complicating 
factors in the specific diagnosis of Group B infec- 
tions. Our results indicate clearly that before the 
serological reactions can be interpreted, it is 
essential to determine whether the infection is 
primary or whether it is a superinfection in an 
individual who has previously had a Group B 
infection. In primary cases of yellow fever the 
development of N antibodies, as determined by 
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the standard intracerebral test, is quite specific. 


However, with other Group B agents such as 
West Nile, for example, heterologous N anti- 
bodies may develop. 

The fact that an infection is indeed a primary 
one can be determined only by CF and HI tests 
with a battery of antigens prepared from a variety 
of Group B agents. In CF tests with sera from 
primary infections, the highest titers are in- 
variably given with homologous antigens; in 
fact, in yellow fever infections the CF test may 
at times be completely specific. Heterologous CF 
antibodies, if they develop, do so always to a 
much lower titer than the homologous. In sec- 
ondary infections, there is a very rapid and 
massive development of HI and CF antibodies to 
a great variety of related agents. Our limited 
experience indicates that a stimulation of N 
antibodies likewise may occur. When the sero- 
logical response of a secondary infection is ob- 
served, the only legitimate conclusion is that the 
infection is due to a Group B virus; no specific 
diagnosis is possible. In such a case, only the 
isolation and identification of the virus will per 
mit a specific diagnosis to be made. 

Our studies indicate that in primary infections 
HI antibodies develop before CF or N antibodies. 
The first HI antibodies to appear in convales- 
cence are specific, followed very rapidly by 
heterologous antibodies. It seems probable that 
in primary infections HI tests may give a truly 
specific diagnosis if applied to early bleedings 
taken before CF or N antibodies have developed. 
HI antibody studies are also of value in distin- 
guishing between primary and secondary infec- 
the patterns are not as 
distinctive, however, as those observed in CF 


tions; developed 
tests. 

Obviously, the demonstration of a rise of anti- 
bodies by any test in which only one virus (or 
antigen) is used, is not conclusive evidence that 
the infection was due to that particular virus. 
The test must include all Group B viruses (or 
their corresponding antigens) known to be present 
in the region. In regions such as California or 
Egypt, where only one Group B virus is known to 
infect man, tests with only one agent would 
appear to be adequate; with St. Louis virus in 
California and West Nile in Egypt. Even here, 
however, the possibility should not be ignored 
that other, at present unknown, Group B viruses 
may be present. 
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SUMMARY AND CONCLUSIONS 


1) The serological responses of 29 cases of 
human yellow fever infection were studied by 
hemagglutination-inhibition (HI), complement- 
fixation (CF) and neutralization (N) tests. 

2) The cases were divided into two groups, 
chiefly according to the pattern of CF antibodies 
to a variety of Group B agents. The 17 cases 
in the first group are considered to be primary 
infections of yellow fever; the 12 cases in the 
second are considered to be infections of yellow 
fever in individuals who had previously been 
infected with another Group B virus. 

3) In primary infections of yellow fever specific 
HI antibodies appear first, followed rapidly by 
antibodies to other Group B viruses. The titers 
of homologous HI antibodies are always as high 
as, or higher than, the titers of heterologous anti- 
bodies. 

4) In primary infections there is great variation 
in the time after onset at which CF antibodies 
become demonstrable. Complement-fixing anti- 
bodies are produced over a long period and may 
still be increasing when HI antibodies are dimin- 
ishing. The pattern of CF antibodies is remark- 
ably specific. Overlaps with other antigens occur 
only when the homologous CF antibodies are 
high. 

5) In primary infections the development of N 
antibodies as determined by the standard intra- 
cerebral test is quite specific. Heterologous N 
antibodies are developed to a limited extent. 

6) In cases of secondary infection, the pro- 
duction of HI and CF antibodies is both massive 
and very rapid. There is no suggestion of speci- 
ficity in the patterns developed and, in fact, as 
a rule the highest HI and CF antibodies were 
heterologous. Furthermore, in secondary infec- 
tions the production of heterologous N antibodies 
is stimulated to a greater extent than in primary 
infections. In the present 12 cases, the heterolo- 
gous response was so great that in all but one of 
the cases accurate diagnosis of the current illness 
by N test was impossible. 
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Culture media capable of supporting the 


been 


1953). 


growth of Entamoeba histolytica have 
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Rees 1956 A 
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MATERIALS AND METHODS 


median 


| Culture 


5 gm 


100 ml 


gustric mucin powder! 


distilled water 


This mixture was autoclaved for 15 minutes at 


15 pounds pressure, cooled and centrifuged for 15 
minutes at 2,000 rpm. The supernatant was then 
removed and saved as the stock gastric-mucin 
medium 


Phe stock 
i ithe: ol 


medium was further processed in 
gastric-mucin 


NaC] 


medium 


wavs | the stock 
diluted to 1! 


O58 ml of 


two 


medium was with OS 


solution, and Balamuth’s 


1946) was then added for each 2.5 ml of the 1‘ 
medium; 2) the = stock 
mucin medium was diluted toa 1 
sterile M/15 or M/30 
NaC] 


preparations 


gastric-mucin gustric- 
concentration 
with KeHPO-KHLPO, 
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3.0-ml amounts and a small amount of rice starch 


were placed in’ tubes in 


was added prior to inoculation with 


Stein Hall 
amebas and bacteria 
B. Ameba strains. \ UA 
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straint of / 
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Human sparganosis nliection with plerocercoid 
larvae of Diphyllobothriu Species subgenus 
Sprrometra, Was first) reported b Sir) Patrick 


\Ianson in China in ISS2. Since then many cases 
have been found in severa suntries, especiall 
in the Far Kast (Weinstein et a 1954: Yovore 
and ‘Tangeo, 1953; Sandars, 1954 The first 
case in North Amert weording to Mueller and 
Coulston (1941) was reported by Stiles in. 190S 
Phe second Was reports 11 Noor OLS \bout 
ten more cases have been deseribed from. the 
United States since that t e. In South America 
the first case was found | Daniels in British 
Guiana in 1910 and the second u ruguay by 
Osimant and Pevrallo (1954 I} resent cause is 
the third in South America and tl first in 
Colombia (Neghme, L95S ! munies 
tion; Basnuevo, 195s, 1 ition 
Leén, LOSS, persona ommut tion \aldo- 
nado, L95S, personal { ()s inl 
1958S, personal cor t 


CLINICAL RECO 


On September 6, 1957 there w Imitted to 


the Eve Service of San Vincente Hospital in 


Medellin, a white girl, age IS, coming from a 
temperate rural area, where shi d under very 
poor hygient CONCITIONS hd i lose contact with 
domestic animals: dog it, pigs, chickens, et 
he diet was protein-deficient. The raw water 
she drank came from an open spring. She com- 
plained of protrusion of the left « palpebral 
edema, burning sensation nd teehng ol a toreign 


hoy Phe ( 
during whicl 


mittently 


volution of the disease was L.o veurs, 


time the svmptoms a) 


peared inter 


There was no impairment of 


Vision 


Physical examination revealed only the lesion 
of the left eve and chronic tonsilitis. The exoph- 
thalmus was remarkable vith congestion of the 


conjunctiva and edema of the uppel evelid. In 


Lie uppel nasal angl it ulmp, creamy mm color, 


thout 3 em in diameter, was visualized, sur- 
rounded by 
was 20/20 
The fundi 


opti al 


nu hyperem isual acuity 


lonometry Was Schiotz 
were normal skull, 
cavities and paranasal sinuses were nor- 


mal. Laborator examinations showed normal 
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blood 


\scaris lumbricoides 


chemistry, negative Wassermann, and 
and Trichurts trichiura in the 


blood 
white 


findings were: red 


stools 


Hematological 


lls, 4.800.000; hemoglobin, 13 


gms‘ ¢; 
blood cells, 12,500, with 70 per cent neutrophils, 
6 per cent eosinophils and 24 per cent of lympho- 
Tes 
Phe eve 


wh tish, 


flat, 
worm, with the appearance 
traction. Next 
day the lesion was opened surgically and only 
cavity left by the 


Histological sections showed 


nodule was punctured, and a 
nonmotile 


of a tapeworm, was removed by 


the capsule surrounding the 
parasite was found 


connective tissue with inflamatory exudate and 
recove red almost coMm- 
difficulty. The blood 


showed a diminution of eosinophils from 


eosinophils. The patient 


pletely from her ocular 
count 


6 per cent to | per cent. 


YESCRIPTION OF THRE PARASITI 


The worm measured 9 em long by 3 mm wide; 
less transversely, flat, 
differentiated 
After fixation in 10 per cent formalin 
studied microscopically \ thin 
could be There 


no internal organs or head but a large num- 


t was wrinkled more ot 


whitish, and without any scolex 
Fig. | 
it was very 


cuticular membrane recognized 
Were 
ber of round and polyhedral bodies about 10m in 
diameter, filling th whole body 
These objects were 
( Faust 


dentified 


matrix (Fig. 2 
interpreted by Dr. Ernest 


1958, personal communication), who 


the sparganum, as calcareous cor- 


pus les of calcium carbonate that dissolve easily 


as buffer when the 


in acids and probably serve 


medium is) acid 


COMMENTS 


The adult 
producing sparganosis in man lives in the intes- 
tinal tract of One of the 
commonest is D. mansoni, which utilizes dogs and 
The first 
host is a Cyclops and the second hosts are such 


stage ol Diphylloboti rium species 


certain) mammals 


cats as definitive hosts intermediate 


vertebrates as frogs, snakes, birds and mammals 
(Faust, 1955). The life evele has been studied by 
\ueller, 1988 a, b; Mueller and 


Janda great \ ariety 


several authors 


Coulston, 1941; Bonne, 1942 





DAVID BOTERO AND JOSE J 


the infected Cyclops in raw water, b) « iting raw 


flesh of ! cond intermediate host lrogs, 


shakes,ete.), hich isa common practice in Kore a 


ind) Kobavasl 1930) po Y weording to Weinstein et al. (1954 


1 Infections result trom Ingest ipplving infected meat from the inter 
host as poultices on inflamed skin o1 
membranes. This is not rare In Colombia 
there is the popular custom of rubbing frog 
the treatment of ery SIpehis 

The patient harboring the 
er been out otf Colombia 
ad frogs, reptiles o1 
S poultices on any 
Well-cooked 


cequiring thi 
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THE USE OF DITHIAZANINE IN THE TREATMENT OF HELMINTHLASIS IN 


> 
Lec’ 


dithiazanine iodide (Eli Li ighly eff ( CHS f enterobiasis 


i 


strong 


tion 


treat 


ox 
aT 


MEXICAN FARM LABORERS 


ID. WAGNER, F. R. LEMON 


reports Bue 


ling and wartzwek vere cured of strongvloides wl 
1957: Swartz \ dosage schedule of 
experimental drug lithi ( td. reportedly cure 
ilso) reported 
therapeutic agent agai t number { la QDS me ege reduction 
Infections In man 
its apparent effect 


ichuriasis (whipworm ecto inc | ( ‘ of tetrachlorethy 


were obtained 


Lenn 


oldiasis Strongyloides , 


ibove studi 


two worms lor While ol 
ment had previously be« 
1957) report a 


l6 patients tre 


1 dosage scl 


hiazanine three 


lscari fumbricowes Was noted in 


Bueding and Swartzwelder 1957 C]} Were en ds from the 


The 
l 


,anda 71 pet 


peril 
| 


‘i on al clos Liifornia 
bd intages of 


gy persons to | 
reported is t ritine hited State 
! reinfection, sine 


r opr 
rate ot SY per cent ‘ I ironments in Mexico, It 


uso pro 


strongvloidiasis, based on negati Wings in uut-patients rather than hospitalized 


stool 


ina duodenal drainages ( nen \ clisady intage, however Wiis the 


on a dosage schedule of 200 meg con ul encountered int 


] 
a 


~\ 


its 


\iarked egg-count reduction 


imination of the infection. Sixteen of 21 patients lwo 


mh 


the drug, Dithiazanine (Compound No. O1748 the patients received 300 


Ci 


In making follow-up studies 


moving of patients to different 
irtzwelder ef al., 1957) rey 7 pel farms and camps f 1.006 | 


for from 5 to 21 days the ftrequent 


ndividuals examined 

of 164 patients cured positive for one or mor 

d with doses of 200 an infection rate of 9 pe 
followed dequat 

r cent of 42 persons purposes of this report 


mye « ly in divided doses post-therapy stool specimens wert 


of these persons showed complet 


concentrated by the zine sulfate flotation method 
dosn't chedules wer viven ibout 


reported by Swartzwelder, et a 1958 equally nthe treated Schedule No | 


provided 200 my t i.d. for 4 days, or 2a total of 
his Investigation was supported by a grant 


Kli Lilly and Company, who also provided 2,400 mg of dithiazanine. In Sehedule No. 2 


mg tid. for 3 days, 
itetul icknowledge ment is made to John 


| | y ae ‘r OS's sit »\ ‘) { 
Ariaudo, M.D ind the Imperial Valley I irmers or a total of 2,400 mg D " th ' 


Assoc 


operation and provisi for laborator, 


ation of El Centro, California fe their co Investigators have averaged 600 mg per day for 


5 days, or 3,000 mg total, on more, In some cases 


oO Dora Rivera f mee 


ind as interpret The average weight of the individuals in this 





DITHIAZANITS tEKATMENT OF THELMINTHIASIS OO] 


study was 137 pounds nging fro lll to IS7 significant changes were observed in_ tests 


pounds. This is ) Wwe han for those made up to | week after treatment. However, 


of other adult study groups in th cd States there were some reports of nausea by the pa- 
In order to observe for xic effects urine tients Of 73 persons medicated, 24 (32.8 
id blood stuclye 


mplained of nausea, while IS (24.767) com- 
| 


the 1 


plained of nausea and vomiting. This phiase ol 


the study was complicated by an outbreak of 
food polsoning in one of the main camps wher 
ration 


Cre patients were lo what extent 
it No 


dlistress medication and 


emidemn could not by 


nts, convalescing trom an 


f hepatitis vas unable to tolerate the 


In another instance the drug was tolerated 
in dosages of 100 mg t.id. In this case, the 


ment \ continued until 2,400 mg had 
loo oo 


100.0 n nh apparent cure of hookworm 
nlection resulted 

Phe environmental temperature and the type 

100.0 rk done by the men examined apparently 

10.0 some influence on the side effects produced 

t] 


LOO 0 


is, on 


‘ iverage, more frequent and more 


ter 3 neg 
Positive on f{ 
iter uv ele 


reche 


le doub feet s) and 2 (one triple infeetion $1 individuals represented 


inability to re-establish contac with patient 
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during hot 
noted that 


ere complaints were received 


s than cool days. It was furthet 


ily no complaints came from men whe 


vork directly exposed to the hot sun 
maacl 


stool were 


30 


examinations 
10 days, 
In 


rZ post-treat 


“up 


pproxin intervals of days, 


OO) « following ther ip some CHSCs 


to obtain only | « 


for examination. The results are 


lor ova und are 


five cases of 


ise) ool strongyviol 


check 


the singl 


ina 


negative for periods up to 
») 


iriasis remained 
did the 


CnHses Of NS¢ 


gs ulter treatment as 
ises of enterobiasis 

the I 
Infections 


In 


negative 


results obtained in treatment of 


ibout is rr 
three ¢ 
th 


hookworm 


ure 


other workers onl 


ises 


stools remain for duration 


periods of 55 days, 69 days 


tacnlasis 


ises of 
( we ving tollow-up 


cle Lizanine 


tapeworm 


en re ported 


detatled account dosage schedule 


number of aminations 


whicl hee itter) om 


AND DISCUSSION 


chedules of dithiaz 200 


S00 me tie 


rite 


s and for 3 days 


ean farm laborers infected 


helminths Post-therapy stool 


tled apparent cures in all patients 


helminths, ss 
treated 


of fol 


e spec 


two cases incl found 


Were 
stool examinations for 
ve ee 
Ee nterobius 


ster- 


subsequent 
similarly five 
thre 
Strongyloides 


treated 


lor 


OLdEeS 


Taenia sp lor 


ul one for 


on other infections 


ure 


ises with // ymenolepis nana and three 


AND BURNETT 


of 16 hookworm infections remained negative 


ior eggs 
Phe 


out-patients 
those 


of the based netive 
treated 


others 


study, 
with 


results on 
dithiazanine, 
( tte etive 


treating tri 


wre 


with of indicating quite 


therapeutic results obtained ir 


churtasis and strongvloidiasis, as well 


| Tha 


bissis 
hookworm infection 


is ascu4rl 
drug is less effective 


Of additional inter 


usis and entero 
iwuihst 
est is the report of apparent drug netivity against 


two tapeworms, //. nana and Taenia sp., findir 


In 


of 23 (43.5 


the 


not reported 


of the 


pre VIOUSTS 
I 


remained 


stools 
\ll 


yative 


treated, 
this 


MANA-POSIELVE « 


negative for eggs ol Worth 


of the cases of taeniasis remaied me 


SIX 
for the duration of the test period 
iter 


int ch 


Urine was examined before unc 


1 


noted; 


ment om ises und no. signifie 


vise,” | hemoglobin and 


the 


We're ood 
differential 
the 


ilter 


Hint 


wert mac on Sikh 


counts 


ddicating significant 


the 


findings neo 


ines 


change use of drug. Of 73) tre 


CHSCS reported SOvTnLE natisen 


32.8 per cent 


cent during the course 
itment. All 


completed his course of treatment 


vomiting 


tre but one patient, reporting 


his 


Hausen, 
patient 


patient 


} 


from hepatitis 
100 me tid 


in apparent 


convales ripe 
tolerate 
2400 ng 


Wiis 
but took a 


{ } 


eure Oot tits 


Oy 


could 
total of with 


Phe 


compli ated by 


hookworm infection observations on drug 


sicle 


outbreak of 


effects wer simultaneous 


food poisoning, with vomiting and 


diarrhea, In some of the study group 


REFERENCES 


1Y57 


165 


BurEpDING, | AND SWARTZWELDER, 
Anthelmintics. Pha Re 9: 329 
W. W.. Swarrzwevper, C., Lampert, R 
ABAbpIE, S. H.. anp Carson, C. B 1957 
An trichurieice suitable 
idministration Love J / 
Hua... 6: SWO-S93 
Minter, J. Ho, ANTHONY, S. O 
J. ( Krye, W. W LAMPERT, R 
Treatment of enterobiasis with 
im. J. Digest. Dis., 3: 229-231 
SWARTZWELDER, J. ( Frye, W. W., MunLetsen 
P.. Mitver, J. H., Lampert, R., Pena 
C'HAVARRIA, A Anapie, S. H ANTHONY 
Ss. ( AND SAPPENFIELD, R. W., 1957. Dithi 
izanine, an effective broad-spectrum anthel 
mintic. J.A.M.A., 165: 2063-2067 
SWARTZWELDER, J. C., MUHLEISEN, J. P., ABAbDIE 
S. H., Frye, W. W., Jones, C. A., Roper 
son, P. k., aNp Heperrt, J. F., 1958. Therapy 
of strongvloidiasis with dithiazanine. A WoA 


troh. Int. Med., 101: 658-661 


mace 


RYE 


eflective 


SWARTZWELDER 
AND 1Q5S 


dithiazanine 





PH ISOLATION AND 


RACCOONS 


WALTON 


PRESTON M 


/ 
ar 


HIAriasis 


it Researcl 
PDAnOSOMes Were 
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lotor 
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\ttempts to 


ind identify this panosome were under 
the 


to 
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ll Samples Trom 
1 


Institute 
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w- 


ol 


and 
ct of 


ilton ela 


ition 


ibstra 


Procedures 
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oOmes Tron Sulit 


ind) Rubin 
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by 


blood adhirecth) 


Wiis 


msl 
phicdis 


ccomplished Introd rt of few drops of 


ilture medium 
vorit Ol iso 


itu 
0.01 em 


iT 1,000 units of po- 


tussium penicillin Gs of dihydrostrepto 
Phe 
Dinmond 
* \ incubated at 


\ culture 


udded pet 


= thr 


cin were 


medium 


STB on ind 


Wi vative ai no 


vrowth occurred Subcultures 


, > , 
were mace 2-week intervals 


Vpanosomes Was studied 
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OF TRYPANOSOMA CRUZI FROM 


MIAN 
HERMAN 


LOUIS S 


DIAMOND 


Reed Army Tt 
ease and Parasite 


Va 


the 


and 


Diamond and Herman 
to 30 minutes 1 
Lillie, 1941 


histologi al sections 


fixed | method of 


1954), stained 0) 


for 


hoa 
(iiemsa solution of pH 6.6 


Pissuc 


stuges were studied in ey 
Diamond and 
1921 


Tha 


at 2,500 diameters and measured with 


tails of this te hnique are given by 
Rubus 


uring 


LQ5S Hegner’s method of me: 


trypanosomes Wiis used Hage WHS 


propected 
i pair of masses rather than with a chartom 
eter 


Int 


CO 


etivits 
widition 
Vous 


deer mies 


Was tested in five species of 


adn 
to 


raccoons: VIZ young SWIss 


miles voung laboratory-reared 


Peromyscus le . hairless suckling 


iOpus 


white rats (Rattus 
Dide 


ale monkey Vacaca irus 


attus voung laboratory- 


reared Opossums 


idult 


, and 
Che rae- 


throes 


phis marsupials il 


lem 


coons included 3 mature laboratory-raised, 


juvenile wild- 


the 


mature wild-trapped, and two 


Phese 


not used until shown to be 


caught) animals raccoons and mon 


key were free 


Irom nat 


ural trvpanosome infection upon repeated blood 


examinations and a 2S-dav hemoculture 


Infectivity 


smear 


was also tested in four 


species of} 


laboratory-reared triatomes known to be free of 
trypanosomids 

Wher 
all 


examination of 


inh 


the diagnosis of the infection 
thr 
and 
hot 
blood 


into STB medium or xenodiagnosis was used 


possible 
in experimental animals was made by 
fresh blood in citrate-saline 


\\ he n 


found in the smears, 


stained smears trypanosomes wert 


inoculation of cardiac 


Serological tests, involving agglutination reac 


tions, were conducted using antibodies induced in 


adult domestic rabbits, and living cultural 


trypanosomes as antigen. Control samples of 


blood were obtained in all instances prior to im- 
Iwo rabbits (207 and 20S 
the raccoon trypanosome, 


with 7 


munization wert 


inoculated with 


209 and 210 


two 


211 


conorhini, and two 


603 
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T. cruzt (Brazil strain he indi serial 2-fold) dilutions, 1: 1:20 480, 
ila were prepared from 12 to 16-day cultures, prepared in 0.856, NaCl solution i tests were 
vlass slides with 12 


sms being washed in O.85¢, NaCl solu performed on 2 x 3 inch 

n the preparation of antigen (ride wifra parattin rings of approximately 14 mm diameter 

| the suspension standardized to contain about \liquots (0.05 ml) of the serum dilutions wer 

panosomes per mil. | h anin r pipetted into separate rings, and 0.050 n 
doses per week, th antigen added. The slides were rotated m 

the marginal cally for 5 minutes at 95 rpm, 
injection they w bled b to stand at room temperature 
Sern Were rated ase) the degre wylutination 


>) cop | x pinwnihents 


it TOO G to remove det 


containing trypanosomes Was 


equal volume of OSS Nal 


the organisms sedimented b ( periph 


for 30 minutes at 1.000 Gr. After removing trvpanosor 
vrnate carefully with a eapillar | tion: the 

trypanosomes were resuspended in and 
fhieient to give col ol rare as | 


i 


> per 


ited 





in experimentally infected raccoon (264 


vith aid of mM lucida. 5.000 dian 
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ill nfected raccoon (258) showing cluster 





from experimentally infeeted 


n( 300 x 120 


made their appearance in periphera Hood, Were error, standard deviation, and coefhicient of vari- 
ation of each of ten measurements made 


of the slender type per 
s follows: Total length, 22.6 


\leasurements at 


trypanosome are a 


ted of the first 50 
1.7 $1.21, 5.4: width 


1.5 + .03, +0.21, 


trypanosomes obser na peripheral blood film u 
obtained 13 davs after inoculation of a raccoon 13.7; posterior extremity to kinetoplast, 2.1 u 4 
264) with culture mates Phi n, standard O7, +047, 22.0; kinetoplast to center of nucleus, 
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rRY!I 


punosoma 


{/panoso 


the initial appearance of trypanosomes in- the 
blood was delaved until the day 


All five deer inoculated appeared. refrac- 


to mfection 


blood through 21 days and specimens of 


leveloped nonta nfe 
OW parasitemins ' the blood for 
ped large numbers, mice 

is ho trypanosomes were seen 


Cdr nh lt ) 
power field. Inoeu tory 


2 toS davs 
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with one or two ‘ 
od waa ten 
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1 the gut on 


ition witl irate ( Oo! 
nfections in only six of 


f l0-gm = this period showed no flagellates in 


elective ine 
Positive es ft dissection 32 days after feeding 
minced liy pleen sidney demon- Young laboratory rats, inoculated with cul- 
etion beyond the — tural forms, developed infections similar to those 
produced in mice except that the trypanosomes 
numbers and 


eight suckling mice a oon 
mice | 1 ol heart 


blood 
strated persistence 
OFZAnisihis blood 
organisms tended to be present in’ greater 
up to 9 davs after their initial ap- 
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Phree of five mice, inoculated 
Triatoma pro- persisted 


rut 


pooled g ( 
| iter infective 
cultural 


rom 
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Of three opossums inoculated with 


tracta which were i ed 
if ons. although 


feeding, cle eloped 
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trypanosomes U morpho 
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It 


Triatoma protra 
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ta. T 


and Rhodnius prolicus 


in culture 


infestans, T. phyllosoma, 


Experimental infections 


were produced in raccoons, Opossums, mice, rats, 


and monkeys by inoculation of blood, culture, 


and triatome forms. Typical leishmaniform bodies 
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STUDIES ON THE Usk OF CORTISONE AND ACTH IN TRICHINOSIS 
RICHARD A. LORD 


fy School of Med ne New Haven. Connecticut 


ment. These animals were divided into groups of 


rl ta cal Cee n the general fourand, after anesthetization with pentobarbital 


population of thre s is thought to be Intraypy ritoneally, were infected with suspensions 


of pepsin-digested rat or guinea pig skeletal 
muscle containing ISO, 1,000, 2,500, and 5,000 


thout 25 per cent. but ‘ ‘ ’ is 35 per 


ie hha Viable larvae, respectively. The inoculum was 
mostalite idministered from a 10-ml svringe through a 
therapy is polyethvlene catheter passed down the esophagus 
mptomatic and into the stomach. A volume of saline was 
trials have used sufficient to make a total volume of 10 ml in 


ineffec- ach case 
On the 6th day after inoculation treatment was 

begun with the following dosages: ACTH: 1 

ing that 'mternational unit (1U) per day in 0.1 ml of 
solution containing ten IU per ml, given intra- 


itment ol 
\ost muscularly (IM This was given every day for 


ind 


Rothen 39 days. Cortisone: 5 mg per day for 10 days, 


eligman given as 0.2 ml of solution containing 25 mg per 
" ml, given IM; then 2.5 mg per day for 2 davs: 
is been 


inovhilia then 1.0 mg per day for 14 days; thereafter, 0.5 
nop Hea, ! ‘ 

. f mg per day for 13 davs. Hence a total of 75.5 me 
Cssecning of 


bj cortisone per animal was given over a 39-day 


ear-cut 
1954 TABLE 1 


vestigation 
ACTH and 
trichinosis 
ight of the 
ise, the 
time, and 1X0 5-26 
invading INO T 3-20 

if either of these ISO 14-45 

nroduced. obiective ini ement as well as 1,000 IS-20) 
mptomatic relief w had been reported, 1,000 T 8-18 

ind if the disease pro his ease the multi- 1,000 ; OF-170 


~ Pp 
ition thie ( n it of ( vae, WAS 2 OOO i 
» 500 a 8-47 


> SOO ; OF-20S 


METHOD 5,000 16-378 
5,000 a 25 446 
Fifty-nine 5-week-old 1 yrats weighing 5 O00 ' OO-190 
ipproximately 200 gm we d in the experi- 
Animal survived the experiment and Wiis 
This work wa upport n part by the James 
Hudson Brown Ni mortal 
Present addre Department of Pediatrics 
Yale Universit School ot aie of the disease 


sacrificed on the S7th day 


t Death occurred during the intestinal phase 
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period while, during the same period, 39 IU 
ACTH were given. 

Specimens ol muscle tissue from those animals 
dying during the course of the experiment and 
from those killed when the experiment was ter- 
minated 87 days after inoculation were taken and 
prese rved in 10 per cent formalin. Sections were 
muscle and stained 
During the first 45 


days of the experiment the animals were weighed, 


made from gastrocnemius 


with hematoxylin and eosin 


temperatures taken, and eosinophil counts don 


twice weekly. Thereafter, a weekly weighing was 


the only determination mack 


\ preparation of desiccated ACTH Armour 


Fig. | 


survived and was sacrificed and autopsied 87 days after infection 


cellular infiltration is present around them 


A. LORD 


assaved at 1.75 Il 


Was used as cortisone acetate (Merck) 


per mg was used. Cortisone 


RESULTS 
CTH. The 
f-week period in animals of the same 
the the 
uninfected rats as for those receiving | II 
Hence, 
the 


eurve ol 


Weight, gain in weight over a 


ieee and 
untreated 
ACTH 
ACTH in this 


rate of growth of 


initial weight was sume for 
per day over this period 
had no effect 
animals, and any 
ACTH 


curve of normal growth 


dosage on 
yrowth of 


taken as a 


normal 


animals receiving might bn 


In animals infected with ISO larvae, those 


fa 


Section from animal No. 13 infected with 1,000 larvae and receiving no medication. The anima 


Larvae are well encapsulated and 





AND CORTISONE IN) TRICHINOSIS 


Fig. 2. Section from anim o. 20 infeeted with 1,000 larvae and treated with ACTH. Autopsy 87 days 


ifter infection. leneap he larvae and cellular response appear the same as in Figure 1 


treated with AC TEL gained weig in a manner In animals infected with 2,500 larvae, those 


indistinguishable from f controls receiving — treated with ACTH were 5 per cent below their 


on while controls ch were infected uninfected controls in) weight; however, these 
same number of larvae, but were un two weight curves plotted against time were more 


1, lost weight. A 32 per cent difference in widely separated throughout their course than 


weight gain after 60 days was noted between — similar curves of the 1,000-larvae group. The 
treated and untreated groups. With infection at difference between treated and untreated groups 
this low level ACTH offset completely the loss in’ was 36 per cent. Decrease in gain of weight was 
weight enaused by the disease seen as the infecting dose was increased, but 
In animals infected with 1,000 larvae those excellent protection against such loss was. still 


nb ACTH fared only slightly worse than afforded by ACTH 
uninfected controls; the difference being 6 per In animals infected with 5,000 larvae, those 
cent at 60 days. A 24 per cent difference in weight treated with ACTH were 36 per cent below unin- 
change was observed between the infeeted and fected controls in weight gain. There was no signi- 
treated, and the infected but untreated, at 60 — ficant difference between treated and untreated 
days. Hence, as the size of the infecting dose of — infeeted animals. In heavy infections ACTH 
larvae Was increased the dose « ACTH was less provided no protection against weight loss. 
capable of offsetting the loss in weight due to With increasing doses of larvae all curves of 


disease, but could reduce weight loss by about weight gain were depressed in infected animals. 


SO per cent in untreat 1 animals: untreated Weight; Cortisone. At dosages of 180 and 1,000 


animals lost 30° per cent, treated, 6 per cent; larvae, animals treated with cortisone and 


24/30 SO per cent treated, uninfected controls were nearly the same. 
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The infected controls showed slightly less weight 
loss As the 


increased, the effect of the disease process as well 


number of infecting larvae was 
as the toxicity of cortisone came into evidence. 
\s the infective dose was further increased, the 


disease process and cortisone ceased to exert their 


effects independently, and cortisone augmented 


the disease process or vice versa. 
Sur ival Vortality ACTH 
mortality even at the highest level of infection 


and decreased 
Cortisone toxicity alone accounted for a 50 per 
cent mortality, and had no protective effeet for 
the host. The results suggested that the toxicity 
of cortisone and the effect of the infection were 
independent of each other with respect to mor- 
tality 

\CTH was very effective in increasing survival 
time. All animals except those with the heaviest 
infection Of the 
animals, those infected with ISO and 1,000 larvae 


survived cortisone-treated 


showed only a decrease in survival time due to 


) 
iG. 3 


survived and was sacrificed and autopsied S7 davs after infection 


seen, and there is no cellular infiltration 


Section from animal No. 23 infeeted with 1,000 larvae and treated with cortisone 


A. LORD 


the decrease in survival 
time was caused by cortisone and was 
\s the infecting 
increased, the survival time was decreased by 
the 


disease, suggesting that these two factors were no 


cortisone alone, 7.e., 


not aug- 
mented by the disease dose was 


more than sum of cortisone-toxicity-plus 
longer operating independently 

Between the 60th and S7th day after infection, 
all groups gained weight at approximately the 
same rate, indicating that the disease had run its 
the 60th day and that 


longer had any effect 


course by the drugs no 


Kosinophilia The eosinophil response ib un 
treated, infected animals reached a peak of 10 to 
12 per cent between LO to 30 days after infection 
normal (QO to 2°, 

Kosinophilia reduced by ACTH, 
the the peak Was 


retarded by about 5 days. Eosinophilia was sup 


and returned gradually to 
was slightly 
and appearance of value 
pressed by cortisone in all cases 


Tissue Re SPONnst This is summarized in Table 


The animal 


No encapsulation of the larvae is 





ACTH AND 


Big. 4. Se 
died 46 davs 


lular infiltration is 


tion from animal No. 40 infected with 


ifter infection. Many larvae are seen 


present 


Fifty 
medium-power, fields were counted 
ACTH an 
inflammatory response consisting of polymorpho- 
leuko vtes, 


1 and illustrated in the photomiu rographs 
consecutive, 
on each slide. In animals treated with 
nuclear encapsulation of larvae, and 


eosinophils was irregularly evident throughout 
from animals receiv- 
infections and in those 
which all three were 


in the ACTH- 


untreated or 


the sections, except in those 
ing the 
treated 
absent 
treated 


heaviest: larval 
with 


Phere 


groups 


cortisone, in 
larvae 

the 
cortisone-treated groups when the infecting dose 


the 


were lewetl 


than in either 


was small. However, as infection was in- 


creased there was no essential difference between 
groups in this respect. At lower levels of infection 
the groups treated with cortisone showed 2.5 to 
seen in untreated 


the effects of 


10 times the number of larvac 


animals. It mav be that one of 


CORTISONE 


IN TRICHINOSIS 


=> 


5,000 larvae and receiving no medication. The animal 


there is slight ene ipsulation and a pronounced cel 


cortisone in abolishing the tissue response in the 
intestinal mucosa Was to permit a greater number 
of larvae to penetrate at this site and enter the 
circulation (Coker, 1955, 1956 a, b, ¢). 

These observations are consistent with the 
findings in regard to weight, survival time, and 
ACTH was beneficial to the host 
whereas cortisone was deleterious. It may be that 


mortality, te., 


cortisone, by interfering with encystment, ex- 
posed the host tissues to toxic products from the 
larvae for a longer time. Only one infected animal 
died while receiving ACTH. Larval encapsulation 
in its tissues was not different from that in similar, 


untreated animals 


DISCUSSION 


rhe results of these experiments support the 


conclusion that ACTH therapy in trichinosis 
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ih 
* 


Fic. 5 


survived 23 davs after infection 


Section from animal No 
Numerous larvae 


no cellular infiltration is present 


minimizes the loss of weight, decreases mortality, 
prolongs survival time, slightly reduces cosino 
philia, and leaves the tissue response unaltered 
In contrast, cortisone therapy seems to have no 

effect the large used, 
Was quite toxic. Whether it affects the 
| to infection can not be 


ih i 


beneficial and, doses 


ictually 


response Of must tissue 
decided from this work sine 


to 


it would have been 
sacrifice infected 
at the 
treated animal died. However, 
Coker’s work (1955, 1956, a. b, « it appear 
likely that it does. The that 
more larvae were able to penetrat the intestinal 
This 


its deleterious 


necessary an untreated, 

each 
the 
make 


suggests 


control animal time cortisone 


results of 


evidence 


mucosa in those animals receiving cortisone 


was probably another factor in 


action 


5 infected with 5,000 larvae and treated with cortisone 


A. LORD 


The 


il ition 


Pred tyaet 


There ind 


e seen ippears to be no en ips 


Since 


ACTH is believed to act only 


lating the adrenal cortex to secrete 


by 


eertain of 


stimu 
its 
hormones, it was surprising to find that its action 
should so different that « 
With few exceptions either of these 


i from t cortisone 


drugs has 
been thought to be capable of replacing the other 
in therapy) One explanation for the 
be that 
simply too large and that qualitative ly different 


results would have been obtained had thr 


differences 


noted may the dose of cortisone was 


dos 
Another explanation is that ACTH, 
the 


be n reduc ed 


in stimulating adrenal hor 
mones which act ina manner different from corti 
to be secreted, and that thes 
beneficial to the host its 
infection than 


doses ot cortisone, by 


cortex, caused 


sone wert More 


in defense against 


parasitic Was cortisone 


ACTH 


Large 


decreasing levels 
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would indirectly decrease the levels of such hor- PaiGUENBAUM, J. A., 1952. Triquinosis y cortisone, 
Hones 


: Bol. Inform. Paras. Chil., 8: 9-11 
The results of these experiments do not , uJ ‘ why : 


Gouup, 8S. E., 1945. 7 
Illinois. Charles 


richinosis, Springfield, 
provide data for evaluating these hypotheses C Thomas 
Luongo, M. A., Reto, D. H., anp Weiss, W. W., 
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DEVELOPMENT OF RESISTANCE TO MOLLUSCICIDES IN 


VOSOPHORA 
BRYCE C. WALTON, M. M. WINN 


Vo 


Application of molluscicides 


ither extensive! as a method o i { were 


schistosomiasis japonica m Japan 


recent vears to achieve complete ¢ 
the intermediate host. Oncomelania 
spite of repeated appli itions each 


been 


nost effective compounds, has 


part to the development o resistance 


nolluscicides (Okabe et a 


1956: Okabe, 
\reas which have received repeated appli 
ral consecutive ( 
ireas Which are known 
ivailable within th 
Yamanashi Prefecture 
were used in the pre 
rr 


whether resistance 
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TABLE 1 


Mortality of O. nosophora in Immersion 
Test with Sodium Pentachlorophenate 


Treated Areas Untreated Areas 


Immersion Solution > (4 
years 


Tama 
hata 


Kaga 
mina 
Kayo 


years 
Futaba 


Imasua Tatomi 


Tap water 


Control 
1.5 ppm 
PCP 
l 


Na 


10 


Total 
“) Mortality 


TABLE 2 
Vortality of 0 nosophora in Immersion 
Test with Dinitr lohe 


0-0-CY 


r jl ph enol 


Treated — 


Immersion Solution 


Imasua 


Tap water Control 10 


1.5 


cyclohexy Iphenol 


ppm  Dinitro-o 

1/10 3/10 
0/10 1/10 
0/10 2/10 
0/10 6/10 
0/10 3/10 
0/10 1/10 
0/10 4/10 
1/10 5/10 
1/10 5/10 


Total 3 3l 


( 


> Mortality 3.3 34.5 
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the untreated areas. In the case of the first paper 


the geographic location of the areas involved may 
have introduced additional variables, e.g., 
differences in strains and in the interval of time 
between collection and test. 

In the present experiments an attempt was 
made to eliminate as many variables as possible. 
Under these conditions, in spite of the fact that 
the areas had been treated with sodium penta- 
chlorophenate for equal or longer periods than 
the area in Kyushu, there was no evidence of 
development of resistance. The results obtained 
with dinitro-o-cyclohexylphenol were markedly 
different and indicate that the development of 
resistance to this compound may prove to be a 
serious handicap to its use in the control of 
Oncomelania. 


SUMMARY 


Immersion tests conducted with 0. 
nosophora collected from areas treated for several 


years. with 


were 
sodium pentachlorophenate and 
dinitro-o-cyclohexylphenol, and from neighboring 
control determine if resistance has 
developed to these molluscicides in the treated 
snail populations. No resistance to Na-PCP was 
from areas which had 
been treated for 7 years, and 4 years, respectively. 


areas, to 


demonstrated in snails 


However, there was a marked degree of resistance 
to dinitro-o-cyclohexylphenol in snails from a 
locality which had been treated with DN-1 for 6 
years. 
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BIOCHEMICAL INVESTIGATIONS ON DDT-RESISTANCE IN THE 


HUMAN 


BODY LOUSE, PEDICULUS HUMANUS HUMANUS 


ALBERT 8S. PERRY ann ANNETTE J. BUCKNER 


Communicable Disease Center, Public Health Service, U. S. Department of Health, Education, and Welfare, 
Savannah, Georgia 


The failure of DDT to control the human body 
louse was first observed in Korea in 1950-51 
Laboratory studies conducted by Hurlbut 
et al., (1952) established that these lice had a 
measurable degree of physiological resistance 
Eddy (1952) confirmed these findings and pointed 
out that although all samples of lice tested were 
then highly resistant to DDT, the susceptibility 
of Korean lice to DDT prior to the use of this 
insecticide was not known; that is, there was no 
base line for comparison in that area. Similarly, 
Barnett and Knoblock (1952) reported that 
human body lice collected from vagrants in 
Tokyo were distinctly resistant to DDT and 
they presumed that these lice had not previously 
been exposed to DDT, at least for several months 
prior to testing. 

It is impossible to ascertain from these reports 
whether this resistance was natural or was ac- 
quired by selection through the use of DDT. On 
the other hand, it is an established fact that DDT 
had been used extensively during a typhus 
outbreak in Japan and Korea in 1945-46 (Sco- 
ville, 1948) and that DDT was subsequently 
available to the occupation forces. 

Starting with a field-collected strain of lice, 
(1952) three 
generations a resistant strain capable of with 
standing residual deposits of 60 to 70 times as 


Yasutomi was able to select in 


much DDT as the original strain. Similar investi- 
gations were reported by Kitaoka (1952). Other 
reports on insecticide resistance in body lice have 
been published by Busvine (1953) and Hurlbut 
et al., (1954) and a comprehensive review on this 
subject has recently been published by Wright 
and Brown (1957). 

The present report covers, in part, the results 
cooperative project with the Orlando, 
Florida, laboratory of the Entomology Research 
Division, Agricultural Research Service, United 
States Department of Agriculture, designed to 
determine some of the factors involved in the 
resistance to DDT of the original Korean strain of 
body lice which has been maintained under DDT 
selection at that laboratory for several years 


of a 


METHODS 


Three-to-five-day-old adult lice were obtained 
regularly, ac biweekly intervals, from the 
Orlando, Florida, laboratory. In a typical test, 
25 to 50 lice of either sex were lightly anesthetized 
with CO, and then treated topically with acetone 
solutions of DDT (dichlorodipheny]l trichloro 
ethane) by means of a microloop delivering a 
volume of 0.2 wl. Twenty-four hours after treat 
ment, the lice were rinsed with three successive 
15-ml portions of acetone to remove the unab 
sorbed DDT. The lice were then ground to a fine 
powder with anhydrous NaSO, and extracted 
with ether in a Soxhlet apparatus for 8 hours 
Following evaporation of the ether, the residue 
was chromatographed through a H,SO,-Celite 
column (Davidow, 1950) using CCl, as eluant. 
DDT and breakdown products were determined 
by the Schechter-Haller (Schechter et al., 1945) 
method. 

The amount of DDT applied was determined 
for each test by extracting and analyzing the 
insecticide immediately after its application to 
25 to 50 lice. 

In several 


tests where radioactive DDT 


(DDT-C") was used, the treated lice were first 


rinsed as described above and then placed directly 


in the oxidizing mixture used in the estimation of 
C™“ (Communicable Disease Center, 1954). This 
direct oxidation obviates the necessity of mac 
and extracting the 
exploratory tests, when using the Schechter 
Haller colorimetric procedure, the DDT-treated 
lice were placed directly in the nitrating mixture 
without prior extraction. In this case, it was 


erating lice. In similar 


found necessary to increase the amount of ni 
trating mixture to 20 ml:and to prolong the 
nitration period to 2 hours 

Because of some difficulties encountered with 
the topical application method, a search was 
made for a commercially-available membrane 
which might be suitable for the artificial feeding 
of lice on blood to which DDT and various other 
insecticides could be added. None of the mem- 
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TABLE 1 


Absorption and metabolism of DDT by 8- to 6-day-old adult DDT -susceptible and DDT -resistant 
body lice at 24 hours following the topical applications of various dosages of DDT in acetone. 


Lice in untreated controls showed no mortality. 


Strain and colony 
designation 


DDT applied 
ug/louse 


Susceptible 


Resistant: 

Colony 
40 
44 

Colony ar U8 

Colony ‘‘C’’** 50 
49 
25 


25 


55 


16 
58 
32 
.90 
16t 
65t 


w 


— oe & DO 


25 


Recovered (ug/louse) 
24-hour 
mortality 


C 


internal 
external 


DDT 


0.10 
0.58 
0.61 
07 
06 
26 
.53 


44 


.23 
2.70 
10 
54 
.09 
.23 
2.10 


-30 


* Extracts bioassayed against Aedes aegypti larvae. 
t Test does not distinguish between DDT and DDE 
¢t Radioactive DDT. 

§ Reared continuously on cloth treated with 0.01 per cent DDT. 
Reared for 17 generations on cloth treated with 0.01 per cent DDT and subsequently reared on un- 
treated cloth for 25 generations 


** Taken in the egg stage from Colony ‘‘A’”’ 
stage. 


branes tested' was found satisfactory for feeding 
lice; consequently, the method of Fuller, et al., 
(1949) was adopted.” 

Briefly, the technique employed was as fol- 
lows: A chick 2 to 5 days old was killed with 
chloroform, and depilatory cream was applied to 
the sides and breast, covering as much surface as 
possible. Ten minutes after application, the 
cream was washed off with lukewarm water. The 
skin was then swabbed with 70 per cent alcohol, 
followed by acetone, after which it was carefully 

1 The following membranes were tried: Silver- 
lite, Baudruche Transparent, Single Zephyr, 
Double Zephyr, Opaque White, Yellow Trans 
parent, and Black; products of Long and Long 
Company, Belleville, New Jersey. 

*A useful technique using gutta percha mem- 
branes for the artificial feeding of lice, published 
by Haddon (1956a, 1956b) has come to the authors’ 
attention too late for inclusion in the present 
experiments 


and transferred to untreated cloth for rearing to adult 


dissected from the chick. The section of skin 
removed was drawn tightly over one end of a glass 
cylinder (1 inch diameter, 2.5 inches long) with 
the downy surface facing the inside of the 
cylinder. The skin was sealed to the glass with 
paraffin. The cylinder was lowered into a 20-ml 
beaker containing 5 to 10 ml of citrated human 
blood and held rigidly in place with a spring 
clamp in such a way that the membrane did not 
touch the bottom of the beaker. The beaker was 
then lowered into a _ temperature-controlled 
water bath. Fifty adult lice on a small piece of 
felt were lowered gently to the bottom of the 
cylinder where they were allowed to feed for 1 
hour. 

DDT-C™ was incorporated in the blood as 
follows: 1 ml of ethanol containing DDT-C" was 
diluted with 9 ml of a 5 per cent aqueous solution 
of acacia, thus forming a suspension which was 
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stable for several hours. One ml of this suspension 
was diluted with 9 ml of citrated human blood 
and the mixture was homogenized in a blender 
The blood was then transferred to 
36° C + 1°. The 
maintaining of the blood at this constant tem 


for | minute 
the beaker and maintained at 
perature was a critical factor in the successful 
feeding of lice 
DDT intake, a 


blood consumed, 


function of the amount of 


was determined by weighing 
the lice before and after feeding. In some Cases, 
a batch of immediately 


following feeding and the amount of DDT deter 


lice was combusted 


mined radiometrically. 


RESULTS 


Topical application. The results of tests with 
the susceptible and DDT-resistant strains of lice 
It is evident that the 
resistant strains can tolerate larger amounts of 
DDT with no apparent harmful effects. A con- 
spicuous feature of these results is the apparent 
slow absorption of DDT by both resistant and 
susceptible 


are shown in Table 1. 


strains. (Microscopie examination 
revealed that the louse cuticle is wetted by ace 
tone with difficulty, hence it might be assumed 
that no appreciable amount of DDT was removed 
from the internal tissues by the acetone wash). 
In most cases, the amounts of DDT absorbed in 
24 hours were so small that quantitative deter- 
minations fell below the limit of sensitivity of the 

method. Radiometric 
DDT-C"-treated 
amounts of radioactivity present 


colorimetric assays of 


extracts of lice showed small 

Since most of the DDT applied was recovered 
in the external rinse (Table 1) it appears that the 
amount of DDT necessary to kill susceptible lice 
is indeed small. From this standpoint, it would be 
difficult to make 
between the resistant and susceptible strains in 
DDT present 
within the tissues. It also is evident (Table 1) that 
DDE (dichlorodipheny! dichloro 
ethylene) was detected in extracts of either strain, 


quantitative comparisons 


terms of physiologically-active 


no trace of 
but this finding, too, has its limitations inasmuch 
as the quantities involved were too small for 
colorimetric analysis 

Observations made during these tests showed 
that characteristic symptoms of DDT-poisoning 
appeared in susceptible lice shortly after applica 


tion of the insecticide, but these were totally 


absent (or latent at higher dosages) in the resist 
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ant strains. Since no marked differences between 
resistant and susceptible lice were found in regard 
to penetration of the insectide, rate of absorption 
can be ruled out as a defense mechanism against 
the action of DDT in the resistant strain 
Ingestion. The averaged results of two to six 
tests are shown in Table 2. It is clear that the 
resistant strain can tolerate much larger quanti 
ties of ingested DDT than the susceptible strain 
At a concentration of 10 ppm of DDT in the 
blood, the susceptible lice exhibited symptoms of 
poisoning between 30 and 60 minutes after feeding 
With 25 ppm, the onset of symptoms was evident 
the 
excitement, 


immediately after removal from feeding 


chamber, and manifestations of 
tremors, loss of coordination, strong peristaltic 
movements and loss of locomotory control were 
prominent. The 24-hour mortality of susceptible 
lice was 90 per cent. In contrast, the resistant lice 
showed no signs of hyperactivity, nor any other 
characteristic symptom of DDT-poisoning at a 
100 ppm. Only 10 
mortality resulted in 24 hours which was equiva 
lent to that of the controls. 

The quantities of DDT ingested depend on the 
amount of blood consumed. On the average, the 


concentration of per cent 


susceptible strain consumed 0.5 mg of blood per 
louse and the resistant strain 0.7 mg per louse 
during the 1!-hour feeding period. Considering 
an average body weight of 1.2 mg per louse (on a 
of 50:50 to 
engorged, the resistant louse consumes a meal 
50 to 60 per cent of its body 


basis male female ratio), when 
approximately 
weight 

Based on the amount of DDT ingested, the 
LDso and LI for the susceptible strain were 
found to be approximately 0.005 and 0.011 ug 
DDT per louse, respectively. A dosage of 0.081 
ug DDT per louse produced only 10 per cent 
the The latter 
failed to feed on blood containing 250 and 500 


mortality in resistant strain. 
ppm of DDT. The reason for this failure has not 
been ascertained. 

In another series of feeding tests with resistant 
lice involving combinations of 50 ppm DDT with 
50 ppm of either 
methyl carbinol (DMC), bis-(p-chloropheny]l) 
chloromethane (MR-60), 
sulfonotoluidide (Table 2), only a slight increase 


1 , 1-bis-(p-chloropheny]) 
or p-bromobenzene 
in mortality was observed which may have been 


due to an additive effect. While these compounds 
are among the most powerful DDT-synergists 
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Fig. 1. 


against DDT-resistant house flies, they ap- 

parently were relatively ineffective against DDT 

resistant lice. 
DDT-metabolism. 


nique was employed also in studying the metabo 


The chick-skin feeding tech- 
lism of DDT in resistant and susceptible lice. In 
a typical test with the resistant strain, 600 to 
800 lice were fed on citrated human blood con- 
taining 100 ppm DDT-C%. Twenty-four hours 
after feeding, the lice were macerated in a mortar 
with sea sand and anhydrous sodium sulfate and 
extracted with ether in a Soxhlet apparatus for 8 
hours 

Radiometric assays of extracts such as those 
described above showed only 10 to 20 per cent 
recovery of the calculated amount of radioactiv- 
ity present. Extraction with other solvents such 


as benzene, chloroform, carbon tetrachloride or 


Schematic Diagram of a Typical in vivo Analysis for DDT and Metabolites 


n-hexane did not improve the recovery. Extrac 
tion with methanol yielded 40 to 50 per cent 
recovery of the total radioactivity. However, 
when the lice were digested directly in the oxidiz- 
ing mixture used in radioassay, 80 to 90 per cent 
of the radioactivity was recovered. This indicated 
that the ingested DDT was metabolized into 
a polar substance which was not soluble in com- 
mon organic solvents. 

Owing to the small amounts of insecticide 
involved in relation to total extractives, extrac- 
tion of the metabolite with more polar solvents 
did not prove suitable for colorimetric analysis 
by the Schechter-Haller method. Hence, groups 
of approximately 200 lice were placed directly in 
20 ml of nitrating mixture (1 part concentrated 
H.SO, to 1 part fuming HNO; by volume) and 
nitrated for 2 hours. The final step in the colori- 
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metric procedure showed no color indicative of 
DDT or any metabolite thereof. Radioassay of 
the nitrated product yielded only 4 to 10 per cent 
of the calculated radioactivity. It was subse- 
quently found that the major portion of the 
nitrated metabolite was removed from the ether 
phase by the alkali wash which is normally 
discarded, and that it could be recovered if the 
alkali first 
extracted with ether 


acidified and then re 
Under these 


was possible to account for most of ihe radioactiv 


wash was 


conditions it 


ity, but the presence of large amounts of inter 
eliminated 
the 


by 


fering materials which could not be 


with common adsorbents without loss of 


metabolite prevented a clear-cut analysis 


colorimetric means. A schematic diagram of a 
typical analysis is shown in Figure 1 

The fact that the nitrated material is removed 
from ether solution by dilute alkali indicates that 
it is neither DDT, DDE, nor DDA (dichloro 
diphenyl acetic acid) since the nitrated products 
of the latter compounds are not soluble in alkali 
It is worth noting that of several compounds 
tested which respond to the Schechter-Haller 
method, only p-chlorobenzoic acid was found to 
be removed by dilute alkali following nitration. 
This is not to infer, however, that the louse me- 
tabolite is similar to this compound on the basis 
of this property alone. 

It is quite conceivable that the metabolite 
acquires its polarity by virtue of its conjugation 
with a protein or a lipoprotein since approxi- 
mately 50 per cent of the total radioactivity which 
was not solvent-extractable appeared to be as 
with particulate matter. Subjecting 
these particles to acid or alkali hydrolysis failed 
to release the metabolite in soluble form. 

Inasmuch the quantity of metabolite 
available for study was very small, attention 
was directed to isolation of the detoxifying 
mechanism in vitro. Tissue homogenates were 


sociated 


as 


prepared in saline: bicarbonate and aliquots were 
incubated in a Warburg apparatus. DDT-C™ 
was added in small volumes of ethanol, gluta 
thione was placed in the side arm and the flask 
flushed with N». After incubation at 37° C for 
4 hours, 70 to 80 per cent of the DDT was con 
verted to a water-soluble metabolite with the 
same solubility characteristics as that obtained 
in vivo. However, the metabolite obtained by 
enzymatic conversion in vitro was not com- 
pletely removed by dilute alkali in the Schechter- 
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Haller procedure as was the case in vivo, and, 


in addition, it formed a red-colored complex 


with sodium methylate which is indicative of a 
DDT-metabolite. Homogenates of both suscepti 
ble DDT-resistant 
mately the 


and lice showed approxi 


same degree of DDT-metabolism 
in vitro 

Details of the enzymatic conversion of DDT by 
susceptible and DDT-resistant lice, and also a 
study of the kinetics of the reaction will be the 
subject of another paper. 


DISCUSSION 


\ conspicuous feature of the results obtained 
with topical application is the extremely slow 
rate of absorption of DDT through the louse 
cuticle. Owing to the particularly tough and oily 
nature of this cuticle solvents such as ethanol, 
acetone, or benzene proved unsuitable for topical 
application. Some higher alcohols were too toxic, 
and several vegetable and mineral oils, including 
Risella oil, were found unsatisfactory 
Since no marked differences in absorption 
were found between resistant and susceptible 
lice, rate of penetration of DDT may be ruled 
out of the resistant 
strain. It also is evident that only minute amounts 


of DDT were needed internally to cause complete 


as a defense mechanism 


mortality of the susceptible strain. 

Greater differences in tolerance for DDT are 
clearly demonstrated in the feeding experiments 
given in Table 2. The fact that resistant lice 
could tolerate 100 ppm of DDT in the blood 
with minimum mortalities, whereas 10 ppm were 
lethal to more than 50 per cent of the susceptible 


‘lice, indicates the presence of an intrinsic bio- 


chemical difference and strengthens the conclu- 
sion that penetration of DDT through the cuticle 
is not an important factor 

The metabolism tests in vivo indicated that 
the DDT was completely 
metabolized by the resistant strain whereas little 
or no degradation of DDT occurred in the 
susceptible strain. While a concentration of 10 
ppm of DDT produced 53 per cent mortality of 
the susceptible lice in 24 hours, the limit of sensi- 
tivity of the analytical methods did not permit 


ingested almost 


the use of lower concentrations in order to ascer- 
tain whether or not susceptible lice could metabo- 
lize sublethal doses of DDT. 

Although the metabolite obtained from the 
in vivo metabolism of DDT by the resistant 
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strain has not been positively identified, certain 
of its properties have been clearly defined. On 
the basis of solubility characteristics, both before 
and after nitration, DDE might be ruled out as 
a possible metabolite, although it is conceivable 
that conjugation with a protein or a lipoprotein 
might sufficiently alter the solubility of DDE to 
form a more polar conjugate 

In limited experiments, using topical applica 
tions of DDT to the same strain of resistant lice 
Table 1), 
Kearns (1955) reported the presence of a metabo- 


mentioned in this paper (colony A, 


lite that responded in the same manner as DDE 
to the Schechter-Haller test. On the other hand, 
tests in vitro, using lice homogenates, showed 
no evidence of the existence of a mechanism com- 
parable to that found in the resistant house fly. 
Kearns stated, however, that owing to difficulties 
encountered in extraction and in removal of in 
terfering materials, these findings were not 
conclusive. 

It is worth noting that none of the synergists 
tested in combination with DDT appreciably 
increased the mortality of the resistant strain. 
These findings are in agreement with the results 
of Cole, et al., (1957) who reported no increase in 


the mortality of DDT-resistant lice exposed to 


DDT:DMC 
Other 
certain DDT-synergists, 


DDT: MR-60 


investigations 


combinations. 
that 
including those men- 


and 
have demonstrated 
tioned above, interfere with the enzymatic con- 
version of DDT to DDE in house flies, both in 
vivo (Perry and Hoskins, 1950; Perry et al., 1953) 
and in vitro (Moorefield and Kearns, 1955). These 
results strengthen the assumption that the 
metabolite from lice is not DDE and that the 
mechanism of DDT-breakdown is different from 
that found in flies 

The experiments in vitro, which will be reported 
in detail in another paper, distinctly showed that 
homogenates and acetone powders of both re- 
sistant and susceptible lice are capable of me- 
tabolizing DDT at an approximately equal rate. 
with the enzyme DDT-dehydro- 
chlorinase which is found in DDT-resistant house 


By analogy 


flies but not in any measurable quantity in sus- 
ceptible strains (Sternburg, et al., 1954), one 
might infer that enzymatic breakdown of DDT 
in lice is a natural phenomenon, i.e., that all 
strains of lice, both resistant and susceptible, 
possess a “hidden resistance potential” to DDT 
in the form of a detoxifying enzyme system whose 
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TABLE 2 
Effect of ingested DDT and DDT -synergist combi- 
nations in blood on susceptible and resistant lice. 
Results are averages of 2 to 6 tests with each 
concentration. Each test represents 25 to 60 lice. 


Blood Calculated 24-hour 
DDT in ingested amount of DDT mor 
blood (ppm) (mg ingested tality 
louse) (ug/louse) (%) 


Strain 


Suscep 10 0.56 0.005 
tible 25 0.42 0.011 
50 0.41, 0.020 
100 0.53 0.053 
100 .40 0.040* 
0 58 — 
Resis 25 .016 
tant 50 .025 
Colony 100 8 O81 
“sa” 50 DDT .022 DDT |) 
50 DMCt 022 DMC { 
50 DDT .041 DDT 
50 MR-60f | 041 MR.60 / 
50 DDT | .048 DDT \ 
50 p-BSTt / .048 p-BST | 
0 , 10 


* Radiometric assay of the treated lice showed 
the presence of 0.041 ug/DDT per louse. 
+t See text. 


t p-bromobenzenesulfonotoluidide. 


action on DDT is interfered with by some other, 
unknown, biochemical factor which is operative 
in the susceptible strain but is by-passed in the 
resistant strain. This by-pass mechanism which 
is accentuated through selection pressure with 
DDT, would then allow the resistant louse suffi- 
cient survival time to enable the enzyme to neu- 
tralize the absorbed insecticide. In order to arrive 
at a logical conclusion, these hypotheses must be 
tested further by investigating several other 
DDT-resistant strains from 


susceptible and 


various localities. 


SUMMARY 


DDT was found to be absorbed very slowly 
from acetone or benzene solutions when applied 
topically to susceptible and DDT-resistant 
human body lice. The resistant strain could 
tolerate larger quantities of applied DDT with- 
out any appreciably harmful effect. The feeding 
of lice through dissected chick skins on citrated 
human blood containing various concentrations 
of radioactive DDT showed that the resistant 
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strain could tolerate 100 ppm of DDT in the blood 
whereas 10 ppm caused 53 per cent mortality in 


the susceptible strain. 


Only resistant lice metabolized DDT in vivo to 


a relatively nontoxic material unextractable 


with common organic solvents but partly ex 
tractable with methanol. Determination of the 
metabolite the Schechter-Haller method 
yielded a nitrated product which was removed 
from solution by dilute alkali, unlike DDT, DDE, 
or DDA. 

Both DDT-resistant 
metabolized DDT in vitro at approximately the 


by 


susceptible and lice 


same rate. The nontoxic, water-soluble metabo 


lite gave a red-colored complex in the Schechter 
Haller procedure and had solubility character- 
istics similar to that obtained in vivo 

It appears that an intrinsic biochemical factor 
which, presumably, interferes with the detoxify- 


ing mechanism, might be operative in the sus- 
ceptible strain. This interference is manifested 


in vivo but not in vitro. 
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(DeGeer, 1778) is an 
important blood-sucking pest of certain birds, 
especially chickens, turkeys, 


Dermanyssus gallinae 


canaries, pigeons, 
swallows, sparrows and towhees. Like the bedbug 
it is nocturnal in habit, feeding at night and 
retiring into the nest or cracks and crevices of 
coops and cages during the day Heavy infesta 
tions of these mites not infrequently kill the 
avian host. 

There is no doubt that this mite may cause 
dermatitis in man but whether these conditions 
are due to the bite or a sensitivity to the mites, 
or to certain products of the mites, is not clear. 
There is disagreement in pertinent literature 
regarding the feeding of D. gallinae on the blood 
of man. Of some 12 books in general use which 

consulted, three used the “bite;” 
the “attack,”’ which implies biting; 
two were noncommittal, using such expressions 
“attendants of fowl—receive 
One stated, ‘‘While 
commonly annoyed by crawling mites, instances 


bee n bitten 


were word 


five word 
as “irritate” or 


their attention.” man is 


of actually having by D. gallinae) 


appear to be quite rare,” and another com 
“Though the marked 
dermatitis in humans, it is said that they do not 
blood.”” Wisseman Sulkin 
time to reports of 
bird mites (D 


man have appeared in the 


mented, mites cause a 


obtain human 
(1947) 


chicken and 


and 
state, “From time 
gallinae) attacking 
medical literature 
Boyt, 1937) has the 
attacked individual or his associates actually 


In only one instance 
noted engorgement of the mites. This information 
was obtained second-hand by the author. Our 
findings coneur with those of Wood (1917) in 
that though mites crawling on the skin produce a 
disagreeable sensation, none have ever been 
observed to engorge or bite. This does not exclude 
lesions produced by products of the mites on 
and 
Vital-Durand (1950) describe two cases of human 
infestations by D 


these 


sensitive individuals.”” Roman, LeCoarer 


but in 
ascertain 


gallinae in France 


neither of eases could they 


whether the clinical manifestations were the re- 
sults of bites or, indeed, whether the mites were 
biting the individuals at all. These authors discuss 
the appears in the French 
literature. They cite Guiart (1910) and Louste 
and Levy-Franckel (1936) as stating that D. 
gallinae will bite man and Brumpt (1949) as 
claiming that this species of mite will never 
ingest human blood. 


controversy as it 


of gamasoidosis (fowl-mite dermatitis caused by 
D. gallinae) and presents a bibliography of about 
50 references, most of which are 


Toomey (1921) discusses the clinical pathology 


19th century 
works. In reference to feeding on man, Toomey 
indicates that the mites do not burrow into the 
epidermis but remain in sweat and sebaceous 
ducts. Their presence here causes the ducts to 
become inflamed and gape slightly. “... it is 
virtually certain that Dermanyssus feeds, when 
on the skin of man, by sucking through the soft 
walls of the ducts.’’ He does not suggest whether 
the food is blood or secretions from the glands. 

(1936) reviewed 
the literature on dermatitis caused by bird mites 


Sulzberger and Kaminstein 
and indicated that as far as they could ascertain 
there were no recent reports of human eruptions 
due to avian mites appearing in the American 
and English literature. They then reported on 
cases that occurred in two families in New York 
City. They concluded with the following remarks: 
“The common bird-mite (D. gallinae) is a blood- 
sucking gamaside which occurs wide-spread on 
wild and domestic fowls. In spite of the fact that 
this mite is an obligatory parasite of birds and 
cannot continue to live and propagate on man, it 
nevertheless occasionally causes itching eruptions 
in those susceptible human beings who, in various 
ways, come into more or less intimate contact 
with the mite from the bird.’”’ Mention of inges- 
tion of human blood was carefully avoided. 
These authors attempted to ascertain whether 
persons affected by the mites have a skin hyper- 
sensitivity to the products of these mites. It 
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was concluded that there was no evidence of 
hypersensitivity demonstrable by means of their 
experiment. 
DeOreo (1958) 
matitis which were said to be caused by the 
“bite” of D. gallinae 
criminate this mite as a biting pest of man were 


describes cases of mite der- 
The criteria used to in- 


the presence of a characteristic cutaneous skin 
reaction, typical of an insect bite; close proximity 
of pigeons’ nests; disappearance of the cutaneous 
manifestations after removal of nests and use of 
acaricides; and identification of the mite as D. 
No 
human blood and no direct evidence was pre- 


gallinae. mites were seen to engorge on 
sented that any mites had ingested human blood. 

Thus, it becomes apparent that there is a 
wide divergence of opinion regarding the feeding 
of D. gallinae on man. Some believe that it does 
not, and will not, ingest human blood but are 
unable to account for the dermatitis that this 
mite produces on man other than to hypothesize 
that the reaction is an allergic one appearing on 
hypersensitive individuals. Those who state that 
this mite does ingest human blood do so on the 
rather than factual 
evidence since the only report of this mite biting 
man (Boyt, 1937) is based on indirect information 
and concerned only a single mite. The evidence 


basis of circumstantial 


presented by the present writer indicates that 
those who have assumed that D. gallinae will feed 
on man are correct. 


FACTORS LEADING TO INFESTATION OF A NEW YORK 
APARTMENT 


Pigeons, a common host of D. gallinae, abound 
throughout various areas of New York City and 
are usually found in greatest numbers where the 
human population feed them well. Here they 
roost and nest on the roofs, ledges, and window 
sills of buildings. The third-floor apartment under 
consideration is in a building located in an area 
in which the pigeon population is larger than 
average for it has been the daily habit of two 
women, for the past 20 years, to feed the pigeons 


stale bread and cake from a nearby lunch room 


at approximately the same hour. 
An addition to 
structed some 18 months previously, brought the 


an adjoining building, con- 


flat roof of the new extension against the outside 
wall of the the 
bathroom window sill. On this flat but somewhat 


apartment 12 inches below 


uneven roof, water accumulated in small pools 


ROGER W. 


WILLIAMS 


following rains and pigeons congregated near the 
window to drink from the pools. The bathroom 
window was rather loose fitting for, when closed 
and locked, a considerable amount of dirt and 
soot could blow in under it within 12 to 24 hours. 
Around this window the 

apparently gained access to the apartment. 


loose-fitting mites 


ATTACK ON THE INHABITANTS 


Late in November, 1957, a few mites were 
observed by the occupants of the apartment, 
crawling on the bathtub and white-tile bathroom 
walls. These were crushed and no particular at- 
tention was paid to them. About 6 weeks later the 
occupants noted that they were being bitten, 
presumably by insects. However, these bites 
were not associated with the mites until small 
fresh blood spots were observed on the bed sheets 
upon arising in the mornings. These spots proved 
to be crushed mites which had recently fed and 
which were mashed by the movements of the 
human hosts. On January 24, 1958 when the 
bathmat was removed from the bathroom floor 
about 50 mites were found under it. Later they 
were found behind towels hanging in the bath- 
room and under the hall rug near the bathroom 
Since mites were never found in the bed- 
room except on the bed it was inferred that mites 
were transported mechanically from the bath- 
room to the bed on the bodies or clothing of the 


door. 


human hosts. 

About mid-February the author was given a 
number of these mites to identify and they were 
found to be D. gallinae. At that time he examined 
the blood from the digestive tract of a number of 
the mites, some of which had been collected from 
the bed. The erythrocytes were the round, bicon 
cave, anucleate cells of mammalian blood and not 
the somewhat elongated, nucleate cells of avian 
blood. This fact would appear to be fairly good 
evidence, along with the blood spots on the 
sheets, that these mites will, on occasion at 
least, ingest human blood. Whether or not they 
can survive and multiply on this diet is not 
known. However, the occupants volunteered the 
information that at first the mites they recovered 
in the apartment and from themselves were small 
but that during the month of February numbers 
of large ones, as well as small ones, were collected. 

The the occupant 
primarily on the ankles, in the popliteal and 
antecubital fossae, and in the axillary region. The 


bites on male occurred 
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irritation from these bites was said to be intense 
for 3 to 4 days. The female occupant, although 
bitten on the body, complained more of an 
itching scalp and at times combed numbers of 
these mites from her hair into the bathtub where 
they could be seen crawling about. Some difficulty 
was encountered in eliminating the mites from the 
hair. Larkspur lotion (three 2-ounce bottles), 
and two applications of A-200 Pyrinate had been 
used without success. Living mites were combed 
from the hair within a few hours of application. 
Benzylbenzoate was suggested by the author and 
this gave considerable relief from the prurience 
and only one mite was recovered from the hair 
3 days after its use. This mite probably gained 
access to the hair after the benzylbenzoate had 
been washed out. 


ERADICATION OF THE MITES FROM THE 


APARTMENT 


Professional exterminators and housing officials 
jointly participated in determining the control 
and eradication procedures. First applications 
of insecticides and acaricides were made during 
the last week in January. The last mites were 
recovered during the third week in February. 
Chlordane and Malathion were applied to the 
bathroom floor and walls, to the hall floor, and to 
rugs in the bedroom and hall. The mattress on 
the bed was sprayed with DDT solution. All 
windows facing the roof from which the mites 
appeared to have gained entrance were caulked 
from the outside and crevices between tiles in the 
bathroom floor were filled with grout. It was 
planned to attempt to level the new adjacent 
roof in an effort to eliminate standing water 
which attracted the pigeons. Trapping of pigeons 
on this roof was also contemplated 


SUMMARY 


Although a marked clinical dermatitis is 
common in some individuals that become closely 
with the bird Dermanyssus 


gallinae, the literature presents little evidence 


associated mite, 


that this mite will ingest human blood and many 
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investigators feel that this species will never 
ingest it. The invasion of a New York City 
apartment by these mites resulting in attacks on 
the occupants is described. The finding of mam. 
malian erythrocytes in the digestive tract of 
mites collected from this apartment, some of 
which were taken from the bed of the occupants, 
as well as the appearance of fresh blood splotches 
on the bed sheets resulting from crushed mites 
which had recently fed, offer some factual evi- 
dence that D. gallinae may, on occasion at least, 
partake of human blood. 
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INTESTINAL 


PROTOZOA AND HELMINTHS 


IN THE PEOPLES OF EGYPT 


LIVING IN DIFFERENT TYPE LOCALITIES! 


R. E. KUNTZ, D. K. 


LAWLESS, H. R. LANGBEHN, anv G. M 


MALAKATIS? 


Naval Medical Research Unit Number 2, Taipei, Taiwan 


In conjunction with a rather extensive program 
on the study of the epidemiology and biological 
factors relating to disease in Egypt, a number of 
surveys were made to determine the incidence of 
intestinal protozoa and helminths in the Egyp- 
tians. Some of these surveys dealt with problems 
in specific type villages (Wells and Blagg, 1956), 
some (Weir, et al., 1952; Chandler, 1954) were 
concerned with the influence of sanitation upon 
parasite propagation and disease control, while 
others (Kuntz and Lawless, 1958) revealed the 
intestinal fauna and host-parasite relationships in 
a young-age (infants to young adults) segment of 
a typical village population. 

The present report is based upon a study of 
1,408 fecal specimens taken during the course of 
field studies in widely separated localities in 
Lower and Upper Egypt. Collections were made 
as opportunity permitted over a period of ap- 
proximately 2 years. Different type localities 
were selected in order to provide stool specimens 
from peoples living under different conditions in 
representative areas. 


MATERIALS AND METHODS 


Stools were obtained with the assistance of 
V illage omdas (lord-mayors), school teachers and 
headmen of Bedouin camps who summoned sub- 
jects desired for our study. In most cases indi- 
viduals were handed an empty sputum cup and 
asked to step into a private room, i.e., in a school 
or in a village clinic, to produce a study speci- 
men. Bedouins usually looked for a desert shrub 
or took reluge on the far side of a camel. This 
method of approach, i.e., on an individual basis, 
reduced to a minimum the substitution of animal 
feces, or the splitting of a single sizable fecal 
specimen to satisfy our requests. It may be of 

1 ‘he opinions or assertions contained herein are 
the private ones of the authors and are not to be 
construed as official or reflecting the views of the 
Department of the Navy 

2 The authors are indebted to Abdel Aziz Salah 
and Said Kassim Mohamed of NAMRU-3, Cairo, 
Egypt for assistance in collection of study speci 
mens and to Dean E. Armstrong, HM1, USN for 
assistance in examination of materials. 
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interest to state that over 90 per cent of our re- 
quests were honored within a period of 5 to 15 
minutes. 

As in our previous studies the Merthiolate- 
(MIF) 


1953) preservation 


iodine-formalin (Sapero and Lawless, 
nethod was employed and 
materials were fixed soon after passage to permit 
effective detection of intestinal protozoa. Several 
samples of feces the size of a garden pea were 
selected from different areas of each stool, placed 
in MIF solution, and were well macerated with 
an applicator stick in a 15-ml-capacity screw-cap 
vial. A second vial was used for preservation of 
an equal quantity of feces in 6 per cent Formalin. 
After return to the laboratory in Cairo the top of 
vialed specimens was sealed by dipping into a 
heated mixture of wax and paraffin. Specimens 
were studied later as time and opportunity al- 
lowed. 


A 10- to 15-minute search was made of a single 


direct MIF smear consisting of several drops 


(22 x 22 mm. cover slip) from a sample of the 
upper layer of sediment of each vial. Although 
this type of sample represents considerable con- 
by the 


pecially if the vial stands undisturbed for an hour 


centration sedimentation principle, es- 


before a sample is withdrawn, Formalin-fixed 
samples were obtained and subjected to the 
AMs-I11 of Hunter et al., (1948) 
concentration of helminth eggs 


technic for 
Over 75 per cent of our samples were obtained 


from school children, i.e., 8 to 14 years of age 
and young adults. For convenience in study the 
13 villages may be grouped into the following 
categories representing different, general type 
localities. 

kl 
Province), is a small village of the Delta of Lower 
Egypt located on the northern shores of brackish- 
water Lake Burullus, 44 mile inland from the 
Mediterranean Sea. Only a of 


thousand persons are engaged in farming 


Coastal fishing village. Burg (Fouadiya 


the several 
The 


population on the whole consists of fishermen or 


few 


people involved in the fishing industry. Thes 


peoples are great fish eaters and supply the mar- 
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kets of Lower Egypt and Cairo with fresh and 
salted fishes. Flies are numerous and poor sani- 
tary conditions exist throughout the village. 

Villages examined were 
Abu Rauwésh and Tandsh (Giza Prov.), Sindbis 
(Qalyubiya Prov.) and Shirbin (Gharbiya Prov.), 
all in the Nile Delta, and El Faiyum which is 
located in the central part of Faiyum Province. 


Farmina communities 


The peoples of these villages are primarily con- 
cerned with different phases of farming. Irriga- 
tion canals run through the villages, flies abound 
in and about the homes, and sanitary conditions 
are classed as poor. 

These 


(Alexandria Governorate) on the Mediterranean 


Urban communities were Alexandria 
coast, Cairo (Cairo Governorate) at the apex of 
the Nile Delta and the Suez 


Governorate. Stool specimens were obtained from 


Suez located in 


persons living in the city proper. The majority of 
these people are merchants, shop keepers, general 
laborers and civil servants. Sanitary conditions 
are variable but in most areas poor. The majority 
_of people live under crowded conditions but are 
and 
some of the other usual means of food and body 


not exposed directly to irrigation systems 
contamination common to small farming com- 
munities. Most of the specimens from Suez were 
obtained from the secondary school. 
Communities intermediate between true agricul- 
Wadi (Qena 
at the margin of the 


tural and desert dwellers Nassim 


Prov.) is a small village 
desert and the narrow cultivated area along the 
Nile. Village people consist of laborers, animal 
herders and those engaged in limited farming. 
Wadi Natroun (Western Desert) is a small settle- 
ment in a desert depression half way between 
Cairo and Alexandria. The majority of families 
are employed by a local mining (salt and sodium 
this 
restricted to small gardens because of nonfertility 


carbonate) company. Farming in area is 
of soil, lack of rain and no irrigation facilities. 

El Arish (Sinai Prov.) is a 
the 
Mediterranean coast. It is in an arid area with a 


Desert communities 


city of several thousand population on 
minimum of agriculture and gardening; these are 
restricted to small areas adjacent to wells. Some 
of the men net fishes in the Mediterranean but 
the larger number are employed as laborers at 
the nearby military establishment. Study speci- 
mens were obtained from people on the southern 
or desert side of the city. South Sinai. Materials 


were obtained from Bedouins encountered on the 
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desert or camped in the wadis along trails leading 
to the central and southern part of the Sinai 
Bed- 
city” of goatskin tents at the base of 


Peninsula. One series was obtained from 
ouins in a “ 


Mt. Sinai. 
SURVEY FINDINGS 

The incidence of intestinal protozoa and hel- 
minths, based upon study of two samples (direct 
smear for protozoans and helminths but with 
emphasis on the former; AMS-III concentration 
method for detection of helminth eggs) from a 
single stool specimen from 1,408 persons living in 
different localities is given in Table 1. Localities 
from which materials were obtained are indicated 
on Map 1. Since the number of stools obtained 
from some villages was small and most lots repre- 
sented peoples covering a wide range of age, no 
attempt has been made to present data by age 
groups. In Table 1 no consideration is given to 
the occupational status of the adults who were 
employed. In discussing parasitism among the 
different peoples studied, however, reference, 
when appropriate, is made to the nature of their 
work, certain customs, and to the general living 
conditions in relation to the parasite picture. 

Ten species of intestinal protozoa were found, 
as well as the eggs and/or larvae of 19 species of 
helminths. A number of stools contained the eggs 
of a tyroglyphoid mite. Table 1 also indicates the 
percentage of the population samples studied in 
which no protozoans or helminths were detected, 
as well as those negative for all intestinal fauna. 

I. Protozoa. The incidence of protozoans in the 
13 different localities definitely point/to a very 
generalized and effective medium or means for 
transmission of intestinal fauna. Although the 
role of flies in the transmission of intestinal pro- 
tozoa in Egypt is not clearly understood, and in 
most studies is a point of conjecture, flies consti- 
tute one of the major health hazards in Egypt 
(Weir, et al., 1952). Observations indicate that 


flies, especially of the Musca domestica complex 
(M. domestica vicina Macq., the predominant 


species) would be incriminated in parasite trans- 
fer. These flies are of considerable significance 
(Sabrosky, 1952) since they are characteristically 
domestic and are numerous in cafes, bazaars, 
food stores, animal sheds and, above all, in most 
homes. The presence of flies, sometimes in unbe- 
lievable densities, is the one factor that is com- 
mon to most stations from which specimens were 





TABLE 1 
Incidence (per cent)* of intestinal protozoa and helminths in people living in different type 
localities in Egypt 


od | ; , : Intermediate 
Fishing | Urban Farming & agricultural between agricul- Desert 
village communities communities tural & desert communities 
communities 


South 


El | Alex- |. | Abu | Fai. Ta- | Wadi | Wadi) gy 
J Na- =| 6Arish Sinai 


: |Cairo| Suez} Rau- , . 
Burg | andria | wish | yum nish | Nassim | troun 


Protozoa 

Entamoeba histolytica 

(LRf only) 
Entamoeba histolytica 

(SRf only) 
Entamoeba histolytica 

(LR & SR together).. 
Total E. histolytica.. 
Entamoeba coli 


woos 
oS 


a | 


Endolimaz nana 
Iodamoeba biitschlii 
Dientamoeba fragilis 
Giardia lamblia 
Chilomastiz mesnilt 
Trichomonas hominis 
Entermonas hominis 


@ 


ona > - 


_ 


Isospora hominis 


Helminths 


Hookworm (Ancylos- 
toma) : ‘ - 1 70 
Ascaris lumbricoides. .. ( f 25 72 
Enterobius vermicularis 
Heterodera 
Strongyloides stercoralis 
Trichostrongylus 


cron to te 


Trichuris trichiura 
Diphyllobothrium 
Hymenolepis diminuta 


_ 


te 


Nowe sw 


Hymenolepis nana 

Taenia 

Dicrocoelium dendriti 
cum 

Fasciola sp 

Heterophyes heterophyes 

Haplorchis pumilo 

Haplorchis taichut 

Opisthorchis 

Schistosoma haemato 
bium 

Schistosoma mansoni 

Tyroglyphoid mite 

Negative for protozoa 

Negative for helminths 

Negative for both proto- 
zoa and helminths 


Number of stools ex 
amined 96 291 1173 149 | 100 | 98 46 | 100 2 70 50 


* Given as nearest whole number. 
+ LR = large race E. histolytica with cysts measuring more than 104; SR = small race with cysts 
less than 10 
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obtained. A considerable number of flies were 
present even in rather remote and isolated desert 
communities. 

Entamoeba coli was the most common proto- 
zoan found among the peoples of Egypt, the 
maximum incidence of 76 per cent being recorded 
from samples taken in Sinai. The 
greatest rate of infection for Entamoeba histolytica 


southern 


was also found in these collections. Such high 
rates of incidence reflect emphatically the low 
sanitary conditions under which most of these 
peoples live and also serve as guides suggesting 
an abundance of other species of intestinal pro- 
tozoa. Furthermore, it is logical to assume that 
contaminated hands in family food containers 
may contribute to parasite transmission among 
these Arab peoples. In most of the recent sur- 
(Chandler, 1954; et al., 1956; 
Kuntz and Lawless, 1958) conducted in Egypt 
the incidence for FE. coli, as in this survey, was 
greater than that for the total of 2. histolytica. 

It is of interest to note that one specimen of 
E. coli had ingested several cysts of Giardia 
lamblia. 

The total rates of infection for FE. histolytica 
ranged from 26 to 56 per cent but did not equal 


veys Lawless, 


the incidence which we have recorded in a previ- 
ous study (Lawless, et al., 1956) in Lower Egypt. 
Since our data are based upon examination of a 
single sample it seems logical to assume that the 
greater part of the population would have been 
shown to harbor EF. histolytica had examinations 
been made. 

The small race was predominant in all collec- 
tions, the ratio of small to large race ranging 
1.5:1 to 5:1. 
listed separately since it is believed that the two 
races may bear a relationship to the clinical 
aspects of amebic parasitism. As pointed out in 
the works of others in Egypt, the high percentage 
of infection with EF. histolytica is not consistent 
with the case reports of amebic dysenteries. 


from Large and small races are 


Diarrheas are extremely common in most villages 
but it is probable that the majority of these re- 
sult from bacterial infections (Weir, et al., 1952). 
No attempt has been made in the present study 
to correlate intestinal disturbances and ailments 
with the presence of amebas. Possibly the low 
rates of true amebic dysenteries are explained in 
part by the fact that a fair proportion of persons 
reported as infected with EF. histolytica harbor 
the small, nonpathogenic type. Continued recog- 
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Map 1. Localities from which study specimens 
were obtained. 


nition and separate listing of the different types 
of E. histolytica seems desirable. Hoare (1957) has 
recently suggested that the small race is entitled 
to an independent taxonomic status and Burrows 
(1957) has revealed that FE. hartmanni, frequently 
confused with the dwarf EF. histolytica, may be 
quite common. In the present study, however, 
the use of the MIF technic would not have per- 
mitted recognition and/or differentiation of EZ. 
hartmanni and the small EF. histolytica. 

Some of the stools with only the large race EZ. 
histolytica, and others with both large and small 
races, contained mucus and erythrocytes (rbc). 
As intimated above, however, it is not believed 
that the presence of rbe was necessarily associ- 
ated with the presence of pathogenic EF. histolyt- 
ica since a number of fecal samples containing 
only the dwarf type also contained mucus and 
macroscopically detectable rbe. Very few stools, 
even those with rbe and the large race of E. 
histolytica, contained Charcot-Leyden crystals. 
Eight stools contained FE. histolytica large race, 


with ingested rbc. We are unable to explain why 
the majority of these should have been found in 
the villagers of Baltim. 
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Except for the rock-hard, dehydrated speci- 
mens obtained from Bedouins living on the open 
desert and accustomed to a minimal water intake, 
the majority of stools from which study samples 
were drawn were soft to mushy and a number 


were semi-liquid. Consequently, many of the 
protozoa, when present, occurred in the tropho- 
zoite as well as in the cystic stage. Prompt and 
effective fixation by MIF probably contributes 
to the fact that Dientamoeba fragilis was detected 
in all lots of stools. This ameba which frequently 


is entirely overlooked in survey work, was de- 
tected in 1 to 21 per cent of the fecal samples. 
The latter figure, slightly greater than that re- 
corded by Chandler (1954) making a study in 
Sindbis, is probably a record. 

The incidence herein reported for other amebas 
and flagellates is rather high but consistent with 
previous survey figures given for Egypt (Chand- 
ler, 1954; Wells and Blagg, 1956; Lawless, et al., 
1956). Ranges of incidence for Giardia lamblia 
are rather broad but, as expected, the higher 
figures apply to fecal specimens obtained from 
population samples in which children predomi- 
nated. 

There were only two cases of infection by 
This not 
represent the rarity of this coccidian, but rather 


Isospora hominis. may necessarily 
the shortcomings of technics employed. Our re- 
sults may well have been different had we em- 
loyed the zine sulfate flotation technic recom- 


mended for recovery of Isospora. 


D 
I 


Although we have examined several thousand 
stools in Egypt we have failed to detect Balanti- 
dium coli. On one occasion prior to development 
of the MIF method, members (Wells and Robin- 
son, unpublished data) of our laboratory using 
the standard, iron-hematoxylin stained smear for 
fecal samples also failed to find B. colt in 209 
persons residing in several “pig villages’ just 
outside Cairo. These peoples cared for pigs con- 
tinually, 


lived in huts associated with the pig 
pens, pigs inhabited the same quarters as the pig 
keepers, and both adults and children were living 
under conditions which permitted repeated con- 
tamination of hands, and perhaps food, by pig 
excreta. Nevertheless, several of a series of smears 
prepared from fecal samples obtained at random 
from pigs contained numerous Balantidium coli 
cysts. 

IT. Helminths. In contrast to data obtained 
for the intestinal protozoa, and as indicated in 


Table 1, certain expected relationships were found 
to exist between incidence and species of hel- 
minths found, and type of locality in which the 
people resided. Some of the rather pronounced 
differences in incidence were found to be related 
to the occupations of families, their customs and, 
in general, the ecological nature of the com- 
munities from which stools were obtained. In re- 
gard to some of the species of helminths listed, 
there are life- 
cycles and local conditions which foster or deter 


definite relationships between 


parasite propagation and transmission. 

The eggs and/or larvae of 19 species of hel- 
minths, including the plant nematode Heterodera, 
were encountered. incidence were 
Ascaris dominating the list with 72 per 
cent recorded for one village. A brief discussion 
regarding parasitism by some of the more im- 


Ranges of 
great, 


portant or common helminths is given separately 
below. 

Ancylostoma. The range of incidence for An- 
cylostoma was much broader than might be 
expected, especially for the agricultural com- 
munities. This may have been due, in part, to an 
influence of timing since study materials were ob- 
tained at different seasons over a period of 2 


years. Furthermore, infection rates would be less 


accurate or representative, if, by chance, our 
collection of samples had coincided with periods 
when a good proportion of the population had 
been recently treated. In the case of Abu Rau- 
wash, it seems likely that the infection status 
may have approached 100 per cent had a series 
of stools been examined from each individual. 
Observations on the site indicate that, without 
question, living and sanitary conditions in this 
village are such as to encourage hookworm propa- 
gation. The incidence of 12 per cent which we 
observed in Sindbis is comparable to that given 
by Chandler (1954) from the same village. Such 
the desert 
communities of El Arish and Sinai are expected 
the under which these 
peoples live undoubtedly destroy most helminth 


low incidences as those observed in 


since arid conditions 
eggs. 

We are 
hookworm in 173 specimens taken in the central 
part of Old Cairo. It must be noted, however, 
that the majority of the people in this area live 


unable to account for the absence of 


e floors 
above the street. In contrast to the fellaheen, 
many of the city dwellers do not have the daily 


in crowded tenements, many two or thre 
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contact with contaminated soil and seldom travel 
beyond the limits of the city to increase their 
chances for infection. However, it would seem 
that the promiscuous deposition of human feces 
on the ground between buildings and around the 
doorsteps of crowded apartments, where numer- 
ous children py, would permit some hookworm 
transmission 

No attempt has been made in the present study 
to make egg counts or estimate hookworm bur- 
dens. In 1954 Chandler, working in Sindbis, re- 
vealed that hookworm infections are light; per- 
haps an average of 2 pairs per person. Apparently 
hookworm disease is much less of a problem than 
it generally is assumed to be in Egypt. Discrep- 
ancies in the figures for hookworm incidence as 
given by different investigators working in the 


same or similar agricultural communities are 


probably due to variations in methods of detect- 
ing helminth eggs 

{scaris. In most surveys conducted in Egypt 
Ascaris lumbricoides has been and continues to be 
Our data indicate 


general relationships between locality types and 


the most common helminth 


degree of parasitism. As expected, the agricultural 
communities show higher rates of infection since 
the fellaheen in these 
which the yards and floors are highly contami- 
nated helminth eggs. Actually, the inci- 
{scaris in the cities of Cairo and Alex- 


villages live in houses in 


with 
dences of 
andria are unusually low for Egypt, suggesting, 
as in the case of Ancylostoma, that confinement 
within the city resulting in less contact with 
contaminated soil, reduces the opportunities for 
infection. 

We are unable to explain satisfactorily the 46- 
per cent incidence found in the arid area of El 
Arish. However, questioning at the time collec- 
that a 
persons from whom specimens were obtained 
travelled work at military 
camps. Possibly conditions at the site of their 


tions were made revealed number of 


some distance to 
employment were such as to allow infection. The 
low rate of 2 per cent was to be expected of the 
Bedouins of South 


people live in the open where high temperatures 


Sinai since the majority of 


and lack of moisture reduce Ascaris propagation 
to a minimum. A good proportion of the popula- 
tion at El 
and they seldom travel to the Nile Valley where 
there would be greater opportunity to contract 


Arish and in Sinai are semi-isolated 


helminth infections. Local physicians report that 
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infections with Ascaris and hookworm often occur 
among those few who have spent time in the 
agricultural areas of the Nile Delta. 

In contrast to the findings of Scott (1939), also 
working in Egypt, our data indicate that some 
families tend to be more heavily parasitized by 
Ascaris and Trichuris than other families living 
in the same community. Based upon general ob- 
servations in Egypt we agree with Scott (1939) 
that the prevalence of Ascaris is due in great part 
to hand-to-mouth transfer of contaminated soil 
present in and around human dwellings. This is 
further borne out by Chandler’s (1954) egg-count 
data on samples of soil taken in and around 
and by the fact that 
infection rates dropped as a result of improve- 
ment in village sanitation. 


homes in the Sindbis area, 


Eggs of ascarids other than Ascaris lumbricoides 
were observed in four samples. Two of these were 
identified as Torocara. The closeness of the farm- 
ing people to their domestic livestock, including 
pets, would suggest a greater degree of parasitism 
originating in lower mammals. 

Enterobius. Since our data are based entirely 
upon examinations of stool specimens, the inci- 
dence listed for F. vermicularis is probably lower 
than was actually the case. In view of infection 
rates up to 14 per cent (Wadi Natroun) found by 
this method, it seems likely that the use of anal 
swabs would have revealed infections in excess of 
50 per cent. 

Trichostrongylus. This parasite was found in 
eight of the 13 series of collections studied. In 
most cases the egg densities were light and the 
present figures are considerably lower than those 
given in other recent studies (Lawless, et al., 
1956; Chandler, 1954) in the Nile Delta. We 
found only 6 per cent of the people in Sindbis 
infected whereas an infection rate of 18 per cent 


occurred in young children of the same village 
examined by us earlier (Kuntz, et al., 1958). The 


AMS-III concentration technic revealed a num- 
ber of eggs in specimens which were negative by 
direct-smear examination. 

In our opinion, based upon egg measurements, 
there were at least two species of Trichostrongylus 
present; one with eggs measuring 65 to 90 uw and 
the other 101 to 108 u in length. Several species 
of Trichostrongylus (Belding, 1952) have been re- 
ported for Egypt. Certainly the close association 
of man and his domestic animals suggests the 
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possibility of a much heavier infestation by this 
group of nematodes than was found. 

Trichuris. The whipworm, when present, fre- 
quently accompanied Ascaris but the over-all 
incidence of this parasite was not great. Higher 
infections in the coastal village of El Burg and 
Alexandria were to be expected since the higher 
humidity and added moisture characteristic of 
the coastal localities probably allows survival of 
Trichuris eggs. Effects of arid climatic conditions 
on prevalence of the whipworm are strongly in 
evidence in the desert and semi-desert communi- 
ties where only 1 of 233 samples contained eggs. 

Diphyllobothrium. The finding of Diphyllobo- 
thrium is of unusual interest since autochthonous 
cases apparently have not been reported previ- 
ously. Of the three infected persons in the Alex- 
andria series, one, a young woman, stated that 
she had not travelled outside Egypt or even far 
beyond the city limits. The other two cases may 
possibly have been introduced as a result of 
travel, or by fish products carried into Egypt from 
Turkey or surrounding areas where Diphyllobo- 
thrium is known to occur. Alexandria is a cosmo- 
politan city with many Greeks, Italians and 
Turkish peoples and the accidental introduction 
of infected fishes is quite possible. The fourth 
case, a 9-year-old girl from the village of Abu 
RauwaAsh near Cairo, seems to represent another 
autochthonous infection. 

Although the possibility of infection of man by 
animal diphyllobothriids is not to be ruled out, 
the eggs detected by us resembled those of the 
D. latum. 

Hymenolepis. There were eight infections with 
Hymenolepis diminuta. This rate is considerably 
below that reported by Chandler (1954) for the 
village of Sindbis. As the latter author has pointed 
out, food in native habitations has an excellent 
chance of being contaminated by numerous ro- 
dents and arthropods which supposedly transmit 
species of Hymenolepis. However, it is obvious 
that, in Sindbis, the transmission of H. diminuta 
is not very effective. Actually, the chances for 
parasite establishment would seem to be much 
greater than our data on infection indicate, since 
identifiable remnants of lice, grain beetles, flies, 
thrips, ete., were found in several fecal samples. 

Eggs of the dwarf tapeworm, Hymenolepis 
nana, were observed in some fecal samples from 
each of the 13 localities and the rates of infection 
which we observed in four localities are consider- 
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ably greater than in some previous reports 
(Chandler, 1954; Lawless, et al., 1956) ut do not 
surpass the incidence which we have recorded in 
the younger children of a typical Egyptian village 
(Kuntz and Lawless, 1958). In a number of cases 
the egg densities were heavy. The incidence as 
determined by direct-smear preparations was in- 
creased slightly after application of the AMS-III 
technic for study of Formalin-fixed specimens. 
Taenia. Nine of the 1,408 stools contained eggs 
of Taenia (supposedly Taenia saginata). There is 
no apparent correlation between occurrence and 
the localities from which fecal samples were taken. 
A low over-all incidence was to be expected since 
the great laboring class of peoples in Egypt does 
not eat beef regularly. Our figures are not exactly 
consistent with the finding of the cysticerci of T. 
saginata in slaughter houses. These cysticerci are 
not uncommon and during several visits to the 


abbatoirs of found with 


moderately heavy infections. 


Cairo we carcasses 


The presence of some of the trematodes listed 
in Table 1 is of interest since several have not 


heretofore been reported as parasites of man in 
Egypt. Our study, which was somewhat super- 


ficial, may have been even more revealing had 
there been opportunity to follow up and recheck 
those persons infected with unusual species of 
helminths. 

Dicrocoelium and Fasciola. Eggs of Dicrocoe- 
lium dendriticum which we observed during the 
present study were identical with those which we 
had previously detected in some abundance in 
stool specimens from the peoples of western 
Turkey (Kuntz, et al., 1958). These eggs ap- 
peared to be viable. However, it is difficult to de- 
termine whether represent genuine or 
spurious infections. Of course, the same can be 


these 


said of Fasciola. A total of 11 persons passed 
stools which contained eggs of Fasciola and most 
appeared to be viable. In our examination of 
numerous wild and domestic animals in Lower 
Egypt we found Fasciola hepatica and F .. gigantica 
to be common. The latter was removed from most 
cattle and water buffalo examined. 

The single stool with Opisthorchis eggs probably 
represents an accidental infection of man by a 
parasite of lower mammals. 

Heterophyids. In our opinion the discovery of 
an apparent “heterophyid complex” in Lower 
Egypt is one of the most interesting results of the 
present study. Our attention was directed to this 
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group of trematodes prior to the beginning of the 
present study, when 99 per cent of approximately 
4,000 snails (Pirenella conica) collected from El 
Burg produced heterophyid type cercariae. Lab- 


oratory feedings of metacercariae and examina- 
tion of wild mammals and birds revealed the 
presence of several species of heterophyids (Mar- 
tin and Kuntz, 1955; Kuntz and Chandler, 1956). 

Although our data are based mainly upon a 


study of eggs in fecal preparations we list three 
species of heterophyids, i.e., Heterophyes hetero- 
phyes and two species of Haplorchis. Unfor- 
tunately, only adult H. heterophyes was obtained 
from two men in Baltim (near El Burg) subse- 
quent to their treatment with hexylresorcinol. 
Heterophyes has been considered a parasite mainly 
of peoples dwelling on the shores of the brackish- 
water Lake Burullus, Lake Manzalla, ete. How- 
ever, we detected heterophyid eggs in seven of 
the 13 localities studied. Wells and Blagg (1956) 
examined the stools of 367 children from nearby 
Baltim and found 36 per cent to contain H. 
heterophyes, a figure comparable to ours. 

The finding of heterophyids in persons residing 
distance from the brackish-water-lakes 
areas, i.e., Abu RauwaAsh, Sindbis, etc., was to be 
expected since large quantities of fish, especially 
mullet (Mugil, a second intermediate host) are 
shipped to Cairo and other communities of 
Lower Egypt. Although most of the fish are 
salted, it seems likely that some are consumed 
before all metacercariae succumb to the salt 
brine. Furthermore, Wells and Randall (1956) 
found metacercariae of Heterophyes in fish from 
the inland brackish-water Lake Qarun in the 
Faiyum. We found H. heterophyes eggs in a stool 
from one person residing in this area near Lake 
Qarun. 

A few stools also yielded heterophyid eggs simi- 


some 


lar to those of H. heterophyes but smaller in size, 
i.e., 16 to 20 uw by 9 to 10 uw. These have not been 
listed separately since their identity is uncertain. 
Some of these occurred in fecal samples with H. 
heterophyes. It may be of interest ‘to note that 
Khalil (1932) while working on the life history of 
H. heterophyes in the Lake Manzalla area, de- 
scribed a new species (Qasr Ainy) and listed man 
as a definitive host. Khalil stated, however, that 
the eggs were indistinguishable from those of H. 
heterophyes. 

The earlier work of Witenberg (1929) and 
recent examinations of numerous vertebrates in 
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our laboratory (Wells and Randall, 1956; Kuntz 
and Chandler, 1956) have shown that hetero- 
phyids are common in Egypt and the Middle 
East. Unfortunately, information concerning the 
significance of this group of trematodes as para- 
sites of man is lacking. However, autopsy reports 
and collections of several thousand adult para- 
sites from individuals post mortem indicate that 
the peoples from Lake Burullus and adjacent 
areas may be heavily infected. This parasite has 
been of little concern medically since heavily 
infected persons live in somewhat isolated locali- 
ties and few come to autopsy in the hospitals of 
Cairo and the larger cities where unusual parasitic 
conditions would be noted. Not to be overlooked 
is the fact, as noted above, that over 99 per cent 
of the Pirenella conica taken from the lake bottom 
in El Burg were infected with several species of 
heterophyids. Such an unusual phenomenon in 
parasitism is due in part to local customs of the 
inhabitants. Many people regularly wade into, 
and defecate directly into the lake water. In ad- 
dition, the fecal containers from the homes situ- 
ated just a few yards from the lake shore, are 
emptied into the brackish water in the area where 
snails were collected. 

Several species of fish seined from the area of 
snail collection were heavily infected with the 
metacercarial stage of heterophyids. Wells and 
Randall (1956) have listed the fishes from which 
heterophyids were obtained by experimental 
feedings. It is of epidemiologic interest that 
another local custom also accounts for hetero- 
phyid infections. We were informed by the local 
peoples that the fishermen frequently eat the first 
fish of a new catch raw, as they begin a new fish- 
ing cruise on the lakes. Obviously such customs 
and a locale where nearly all peoples are con- 
cerned one way or another with the fishing in- 
dustry explains the high rates of incidence. 

Schistosoma. The over-all incidence of Schisto- 
soma haematobium and S. mansoni found in this 
study is considerably lower than was expected of 
Egypt. There are certain obvious relationships 
between the occurrence of schistosomiasis and the 
locality in which studies were made. Members of 
the farming and agricultural communities natu- 
rally are exposed to more schistosome cercariae 
than the people who spend part of their time on 
the desert or herding animals in other arid areas. 
Both Sindbis and Tandsh are located in an en- 
demic area and show a high incidence of S. 
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mansoni, however the rates of infection we found 
are lower than we have obtained previously in 
making spot checks. As an example, in an earlier 
study of fecal samples (not included in this sur- 
vey) from school children of Tandsh, 78 per cent 
of the stools from 6- to i2-year-old children con- 
tained mucus, macroscopic blood and eggs of S. 
mansoni. The incidence of S. haematobium was 
much greater than that given in Table 1. 

The comparatively low incidence of the schisto- 
somes found in the samples from the cities of 
Alexandria, Cairo and Suez is not very surprising 
and supports the contention given earlier that 
these peoples probably spend the greater part of 
their time within the cities and only infrequently 
visit agricultural areas where they could be ex- 
posed to infection. The occurrence of S. mansoni 
in the peoples of arid Sinai may seem difficult to 
explain. However long-standing infections by the 
schistosomes are common and our data cards re- 
vealed that infected persons had worked, lived or 
visited relatives in the Nile Valley or Delta at 
some time prior to this survey. 

The occurrence of the tyroglyphoid mite eggs 
is associated with food types and this, in turn, to 
some extent with seasons. Certain types of food 
are available during different times of the year, 
depending upon abundance of fresh vegetables 
and fruits. Obviously the rather high rate of 24 
per cent of stools from the people of Faiyum with 
these eggs suggests that cereals, local cheese, or 
other foods with these mites are being consumed 
in quantity at the time of collection of fecal 
specimens. 

The negative data in Table 1 further substan- 
tiate the general relationships existing between 
locality and presence or absence of intestinal 
protozoa and helminths in man. In general the 
percentage of persons with no helminths far out- 
numbered those with no protozoans. The per- 
centages of persons free of intestinal fauna seem 


Wadi Nassim, 


high since in some instances, e.g., 


El Arish, South Sinai, two or three species of 


protozoa occurred in more than 50 per cent of the 
samples examined. The Bedouins of the Sinai 
peninsula were least parasitized; 87 per cent hav- 
ing no helminths. Only 6 per cent, however, were 
totally devoid of intestinal fauna. At the other 
extreme is Wadi Natroun in which all 50 con- 


tributors harbored protozoans 
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SUMMARY 


Although our study material was represented 
1,400 
Egyptians, the number of species of protozoa 


by fecal preparations from more than 


found was not greater than observed in our pre- 
vious studies involving far smaller samples of the 
population. Larger population samples, however, 
more strongly emphasize that the relationship 
between type of locality and presence of intesti- 
nal protozoans, and that between locality and 
must be considered 


prevalence of helminths, 


separately. Their establishment is dependent 
upon different means of transmission. Undoubt- 
edly many of the protozoa are passed from person 
to person by contaminated hands and by food 
contaminated by hands and/or flies. Many of the 
peoples in this part of the world are unhygienic 
in their habits and one heavily contaminated 
hand thrust into a bowl which serves the entire 
family provides an effective vector of protozoan 
cysts and, in some instances, probably trophozo- 
ites. These modes of transfer are not greatly 
influenced by the unusually dry habitats in which 
many of the Egyptian peoples live. This conclu- 
sion is supported by the high incidence of intesti- 
nal protozoa in the semi-desert and desert 
communities. 

Entamoeba coli is the most common intestinal 
protozoan among the Egyptian peoples and the 
total incidence of the large and small races of EF. 
histolytica is much greater than that listed for 
other parts of the world. Perhaps the majority of 
the population would have been found harboring 
both species had a series of specimens from each 
person been examined. Balantidium coli was not 
detected in our studies and /sospora hominis 
occurred in only two persons. 

This study of materials from a wide range of 
community types demonstrates the relationship 
between parasitism by some of the helminths and 
the habitat in which these peoples live. This was 
to be expected since successful establishment of 
infection involves intermediate hosts and favor- 
able conditions for maturation of the 
helminth eggs outside the human body. 

The present study lists 19 helminths, several 
species of which, (e.g., Opisthorchis, Haplorchis, 
Dicrocoelium and Fasciola of the Trematoda, and 


proper 


the cestode, Diphyllobothrium) are not considered 
parasites ordinarily found among the Egyptian 
peoples. Ascaris is the most common helminth 


and hookworm (Ancylostoma) apparently is much 
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less common than might have been expected for 
Kgypt. Eggs of Dicrocoelium and Fasciola were 
detected in stools but do not necessarily represent 
true infections. A study of infections in snails, 
examination of vertebrate hosts in Lower Egypt, 
and the present survey have revealed an apparent 
“heterophyid trematode complex”’. 

Our data indicate that most of the Egyptian 
peoples harbor some type of intestinal fauna. A 
number of the peoples are fairly free of helminths; 
the inhabitants of the arid areas of Sinai being 
most averminous, with 87 per cent helminth-free. 
The figures for individuals positive for protozoa, 
in general, run considerably higher than those for 


the helminths. All samples from one village 


(Wadi Natroun) contained protozoa. 
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The striking ability of the ampullarid snail 
Marisa cornuarietis to interfere with growth of 
the snail intermediate host of schistosomiasis, 
Australorbis glabratus, was first observed in Sep- 
tember, 1952, in Quebrada San Anton, near Rio 
Puerto Rico (Oliver-Gonzalez, et al., 
1956). Subsequently, Chernin and coworkers 
(1956) confirmed the predatory 
laboratory studies showing that, because of its 


Piedras, 
pattern by 


omnivorous and voracious nature, Marisa con- 
sumed more than its share of the available food 
and ate Australorbis eggs and young as well. 
Field studies on snails in Puerto Rican streams 
and ponds were started in June, 1953, and from 
them the following generalized biological data on 
Marisa have been gathered. 

Marisa eggs are laid in smooth, whitish, ob- 
long, gelatinous masses measuring about 2 inches 
long and 1 inch thick. Such masses most com- 
monly are attached to vegetation but are also 
sometimes attached to concrete, rock, or wooden 
surfaces. Generally, eggs are deposited only in 
quiet, vegetated areas of a stream or impound- 
ment, and always are placed less than 1 foot from 
the water surface. Plant stems are commonly 
found enveloped by egg masses, which are never 
seen floating. As the egg masses reach the hatch- 
ing stage, they become brownish and ragged. 
Some 20 to 30 eggs are deposited in each mass 

Young Marisa have shells. 
Adults are mostly dark brown, with the excep- 


reddish-brown 


tion of a few members of a colony which will 
develop three planetary, thin, chocolate-colored 
stripes as adults. Young and medium-sized snails 
move erectly on the substrate, but the largest 
snails move at about 15 degrees from the perpen- 

1 Contribution of the Communicable Disease 
Center, Bureau of State Services, U. 8. Depart 
ment of Health, Education and Welfare, and the 


Department of Health, Commonwealth of Puerto 
tico. 


dicular. Motion is slow but steady, as they 
search for food. Ordinarily, Marisa will not show 
clumping tendencies, but groups of snails align 
themselves in rows around a common source of 
fc od. 

Both Marisa and Australorbis are planorbioid 
in shell morphology. Marisa reaches a maximum 
diameter of 45 mm in nature. Such specimens 
may be 18 mm thick. They have an average of 
3.75 suture whorls on the upper surface at this 
size. The plane of the aperture lies at an angle of 
10 degrees with the axis of the spiral cavity at 
that point. Outer striations transversely circum- 
scribe the body whorl, especially pronounced 
near the aperture. Locally, Australorbis rarely 
measures more than 30 mm in diameter, and has 
about 6 whorls. Marisa maintains a globose shape 
until it is about 20 mm in diameter, gradually 
assuming its “planorbioid” nature afterwards 
The sexes cannot be differentiated upon the basis 
of gross external characters. 

Chernin, et al., (1956) found that Marisa 
readily ate Cabomba, Elodea, dwarf Sagittaria, 
carrot, cabbage, lettuce, celery, tomato, and 
paper towelling in the laboratory. In nature, they 


are often seen eating waste paper, but prefer any 
semirotten leaf or stem. Although they will eat 
fresh plant materials of many types, they do not 


Im- 
pounded populations naturally rise and fall rela- 
tive to amounts of food available. The most com- 
monly plant is the elephant-ear-type 
growth called “‘malanga’”’ (XYanthosoma atrovirens) 


choose grass leaves except as a last resort 


eaten 


which lines margins of most streams and many 
ponds. Marisa rapidly destroys stands of water 
lily (Castalia ampla) and might be useful in de- 
stroying various stands of aquatic vegetation as 
an adjunct to mosquito control. 

For our field studies on the biological control 
of Australorbis (Ferguson, et al., 1958), Marisa 
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have been cultured in large (20 feet x 15 feet) 
concrete tanks in water about 12 to 18 inches 
deep. Almost all individuals are confined to the 
bottom of these tanks. The snails thrive in masses 
of water hyacinth, using this both as food and as 
an egg-laying surface. If raised in vegetation-free 
water they must be fed daily, on almost any soft, 
succulent plant. 
Marisa commonly lives in the upper water 
levels of streams and impoundments at depths 
not in excess of about 1 foot, while viable A ustra- 
lorbis may commonly be taken at depths of 4 to 
5 feet in heavily populated lakes, and has been 
recovered once from a depth of 15 feet by an 
Eckman dredge. Marisa closely follows the leafy 
vegetation line in a body of water, at the sub- 
margins of soil banks. As pond waters recede on 
drying, the vegetation-free margins become peril- 
ous zones for Marisa. Such conditions are also 
uninviting for Australorbis, which must compete 
with the larger snail for diminishing food sup- 
shelter, egg-laying soth 
snails are unable to return to a stream once they 


plies, and surfaces. 
are carried onto lateral flats in storms. It is more 
difficult to establish Marisa in streams than in 
ponds since stream plantings may be washed out 
and destroyed by storms. 

Survival of Marisa in ditches subject to peri- 
odic manual cleaning and channel rectification is 
poor compared to that of Australorbis. During 
excessively low-water levels when drying ponds 
reach a terminal state of muddiness, Marisa dies 
more rapidly than Australorbis. Marisa has not 
been observed to persist under damp soil-plant 
debris, as has A ustralorbis. 

Marisa thrives in most Puerto Rican habitats 
of Australorbis. In one example, the habitat range 
of Marisa actually exceeds that of the other 
snail, since it can be established in rocky terminal 
sections of mountain streams where normal and 
storm-condition velocities of flow militate against 
Australorbis. The salinity range of Marisa is un- 
known, yet there is evidence that it has moved 
along the margins of a brackish-water lagoon 
from one stream, to enter and disperse in another 
about a mile distant. The ideal impoundment 
habitat is that with relatively stable levels and 
shores emargined with vegetation and with a fair 
percentage of the surface covered with leafy 
plants. After Marisa has consumed the floating 
material, it exists on marginal materials, includ- 
ing grass blades and roots. 
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This snail attaches with relatively great 
strength to vegetation or other surfaces in flow- 
ing water. It is, however, easily dislodged when 
tactually stimulated and sinks rapidly to the 
bottom. Because of this, specimens are easily 
collected with wire sieves. Marisa rarely is seen 
floating, except in storms. Apparently, it is not 
able to lift itself to the surface by the generation 
of internal gas bubbles. 

In rapid waters, the majority of a colony are 
always pointed upstream. Young snails measur- 
ing less than 5 mm diameter have been seen in 
large numbers at the inflow of farm ponds. 
Older snails will move up small tributaries so far 
that the water only partially covers them. The 
movement of Marisa against the current is more 
pronounced than that of Australorbis. For ex- 
ample, Marisa has migrated upstream for a 
distance of about a mile from the Los Pena sta- 
tion in the Quebrada San Anton since it was first 
discovered there in 1952. The washing action of 
storms has carried it downstream and into a 
variety of paralotic sites as well, in this stream. 
Marisa also has been observed in small outfall 
streams serving farm ponds, about 0.25 mile be- 
low dams. 

Unlike Australorbis, Marisa will thrive in both 
nonpolluted and heavily polluted waters. For 
example, the latter snail congregates in streams 
at points receiving effluent from hog sties, abat- 
toirs, and privies. Occurrence of Australorbis 
would be limited at such sites. However, gross 
pollution from abattoirs slows the upstream 
march of Marisa. 

This species, like Australorbis, may be de- 
stroyed with sodium pentachlorophenate applied 
by power spraying in thick vegetation using a 
solution containing 1,000 ppm. Limited labora- 
tory data indicate that Marisa is slightly more 
difficult to kill with chemicals than A ustralorbis. 

Apparently Marisa has no natural enemies in 
Puerto Rico, and all losses of colonies in farm 
ponds are attributable to a combination of drying 
and lack of food. No parasites are found in 
Marisa upon dissection. All attempts to infect 
specimens of various sizes with S. mansoni have 
failed. They are not eaten by rats, which com- 
monly prey upon local Australorbis, Helisoma, 
and Ampullaria. 

The natural spread of Marisa over Puerto Rico 
has been observed to be by storm action in 
streams and by moderate rheotaxis. Birds and 
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other animals do not seem important in the dis- 


persion, since Marisa are always found in ac- 
countable habitats. Marisa can be transported in 


various containers without water for periods up 
to 4 hours and they have been shipped success- 
fully via air express in damp materials 


SUMMARY 


The omnivorous and voracious habits of the 
large ampullarid snail Warisa cornuarietis are the 
basis of its predation and competitive action 
against Australorbis glabratus in Puerto Rico. 
Field observations have been made on the bi- 
ology of Marisa in comparison with that of the 
schistosome vectorial species 


FERGUSON AND JUAN R. 
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A SKIN-TEST SURVEY 


FOR HISTOPLASMOSIS AND COCCIDIOIDOMYCOSIS 


IN THE MIDDLE EAST! 
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Department of Tropical Health, Schools of Public Health and Medicine, American University of Beirut, 
Beirut, Lebanon 


Histoplasmosis appears to be a disease of cos- 
mopolitan distribution although, in the Middle 
Kast, autochthonous cases have been reported 
thus far only from Turkey (Saglam, 1946; Akiin, 
1950). 

Coccidioidomycosis, on the other hand, is ap- 
parently limited to the southwestern United 
States and to a few areas of South America. 
Isolated cases have been reported from Italy and 
the Balkans (Montessori, 1941) 
air transport of personnel and equipment from 
the endemic oil-producing sections of the United 
States to the oil-producing areas of the Middle 


The large-scale 


East would suggest the possibility of its introduc- 
tion into this part of the world. Climatic and 
topographic conditions similar to those of the 
southwestern U.S. might favor the spread of the 
disease once it were introduced 

In the present survey a total of 2,030 Middle 
Eastern nationals have been subjected to histo- 
plasmin or coccidioidin skin tests. Of this num- 
ber, 695 of those tested with histoplasmin were 
while 648 males and 341 
females were tested with coccidioidin. The age 


males, 346 females; 


distribution of the overall group was: 20 years or 
less, 324; 21-30, 827; 31-40, 404; 41-50, 250; and 
51 or above, 225. Of those tested, 1,128 were 
resident in tuberculosis sanatoria, 462 were ran- 
domly selected patients hospitalized in the Ameri- 


1 Portion of a study on the epidemiology of 
zoonotic diseases in the Middle East supported by 
a grant from Pfizer International. The lotenien 
min was furnished through the courtesy of Parke, 
Davis and Company and Eli Lilly and Company; 
the coccidioidin through the courtesy of Cutter 
Laboratories. We are grateful to Dr. Charles 
Nucho, Hamlin Sanatorium; Dr. Nicolas Naasan, 
Dahr el Bashik Sanatorium; Dr. Papken Mugr 
ditchian, Azounieh Sanatorium; Dr. Elias Khoury, 
Bhannes Sanatorium; and Dr. Antranig Manou 
gian, Asfourieh Mental Hospital, for their copera 
tion, and to John Himo for his technical assistance. 


can University Hospital and the Asfourieh 
Mental Hospital and 440 were apparently healthy 
individuals. 

Their countries of origin were, for the histo- 
plasmin sufvey, Lebanon 612, Syria 127, Qatar 
75, Saudi Arabia 69, Palestine 53, Iraq 38, 
Pakistan 13, Kuwait 5, Egypt 5, Iran 3, other 
countries (Ethiopia, Afghanistan, Turkey, Cy- 
prus, Bahrein, Libya) 41; for the coccidioidin 
survey, Lebanon 539, Syria 138, Palestine 75, 
Qatar 72, Saudi Arabia 70, Iraq 31, Iran 18, 
Bahrein 6, Egypt 5, other countries 35. 

None of the test group reacted positively to 
either of the antigens. Of a control group of 22 
(American staff members of the American Uni- 
versity tested with the same antigens, 6 were 
strongly positive to histoplasmin and 1 to coc- 


cidioidin. Attempts to isolate Histoplasma capsu- 
latum or other systemic fungi from the livers of 
150 local wild mammals also have been unsuc- 


cessful (Schwabe and Schinazi, unpublished 
data). Though the present test population was not 
large, the results suggest that, if these diseases 
occur in Lebanon and neighboring countries, 
their rates of infection are probably of rather low 
order. 


SUMMARY 


None of a total of 2,030 Middle Eastern na- 
tionals tested was positive to histoplasmin or 
coccidioidin. 
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EXPERIMENTAL AMEBIASIS 


R. N. CHAUDHURI, T. K 


A NEW APPROACH 


SAHA anv N. ROY 


School of Tropical Medicine, Calcutta, India 


Losch (1875) inoculated dogs with dysenteric 
stools both by mouth and by rectum and was 
able to produce dysentery in them. At autopsy 
ulcers containing amebae, similar to those inocu- 
lated, were demonstrated in the colon. Kovacs 
(1892) adopted the intracecal route for induc- 
ing amebic infection in cats. Carrera and Faust 
(1949) demonstrated the high susceptibility of 
the guinea pig to amebic infection by injecting 
trophozoites into the terminal ileum after lapa- 
rotomy. They attempted to detect the progress of 
the infection by daily examination of freshly 
passed stool but the findings constituted no 
dependable index of the severity of infection as 
determined after death of the animal and conse- 
quently they abandened the examination of feces 
and had to depend on the autopsy of the animals 
for the purpose. Rees (1955), in his excellent 
review on the subject, remarked on the consid- 
erable difficulty that may be experienced in as- 
certaining the prepatent period of rodent hosts 
because amebae may be multiplying in the ce 
cum and the upper colon without being demon 
strable in the fecal pellets. It is evident, there 
fore, that investigators have been handicapped 
to a great extent for want of any easy method 
for following the course of infection. 

Svanidze (1954) described a method for study- 
ing the course of amebiasis and of the changes in 
the cecum in experimental infections of rabbits. 
There are two variants of this method, the essen- 
tial part of which is the production of an artificial 
cecal fistula opening on to the surface of the ab- 
domen. In this connection the following mechani- 
eal device has been found satisfactory, to study 
the course of amebic infection in experimental 
animals. 

Metallic firture. (Figure 1) This consists of a 
hollow and threaded, round, metal tube approxi- 
mately 1 inch in total length, having a small disc 
fixed at one end and fitted with a cap at the 
other. To ensure fixation to the abdominal wall a 
metal washer and nut are provided. This metallic 
fixture is fitted into the cecum of animals by 
operation and a permanent communication be- 
tween the lumen of the cecum and the exterior is 
established. 


METHOD 


Under ether anesthesia the abdomen of a 
guinea pig is opened with aseptic precautions 
The cecum is brought outside. A double purse- 
string suture of cotton thread is passed through 
its sero-muscular layer; an incision is made in the 
area surrounded by the sutures and then the 
discoid end of the fixture is introduced inside the 
cecum. Both of the purse-string sutures are then 
tightened around the hollow tube. The cecum is 
replaced into the abdominal cavity with the other 
end of the tube remaining outside. The abdomen 
is closed by double layers of sutures, one of cotton 
thread for the muscle and peritoneum and the 
other of silk thread for the skin. The washer is 
applied and the nut tightened to fix the tube on 
to the abdominal wall in a convenient position, 
its outer end being closed with the cap to prevent 
leakage of cecal contents. No food except water 
is given to the animals for about 16 hours before 
the operation and for about 24 hours following it 
The skin stitches are removed on about the 6th 
day. The animal is ready for use by about the 
10th day following operation 


RESULTS 


So far 30 guinea pigs have been subjected to 
this operation with a mortality of only 6 per 
cent. The operated animals under observation 
with the fixture in situ have been thriving wel 
for 8 to 9 months. The skin and the surrounding 
tissues are free from any ulcer or erosion. The 


tube, if cleansed occasionally, maintains its pa- 
tency. A guinea pig with the fixture, and a dia- 
gramatic cross section of the same, are shown in 
Figures 2 and 3, respectively. 
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INCIDENCE OF LEPTPOSPIROSIS IN WILD MAMMALS FROM SOU TIBWESTERN 
GEORGIA, WITH A REPORT OF NEW HOSTS FOR SIX SEROTYPES O1 
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IN WILD MAMMALS 
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sylvan 
found, without 
regard to their proximity to pastures or ranges 
infected. 
information on the type of habitat, 


made from 


infections were 


centrated collections 


habitats where 


were 


where domestic animals were General 
vegetation, 
extent of cover, soils, and other ecological factors 
was obtained in the areas where trapping was 
done. 

During exploratory studies from November 4, 
1954, to September 13 
on individual traps. 

From September 20, 1955, to March 20, 1956, 
100 to 125 traps were set each Monday and main- 


tained through Friday. 


, 1955, data were not kept 


During this period 15 
areas of southwestern Georgia were sampled 
(Figure 1). 

trapped for 2 weeks. 


each area was 
The habitat in which the 
traps were placed was recorded. All traps were 
baited with a mixture of fox and wildcat urine, 
skunk scent, and glycerine. Bait was placed at 
all traps on both Monday Wednesday. 
Traps which caught animals or were sprung were 


Whenever possible, 


and 


Map of southwestern Georgia showing locations of trapping areas 


rebaited when set. In the event of rain all traps 
were rebaited the following day. 

Traps were checked daily, animals were re- 
moved and placed alive in numbered cages, and 
both the trap and cage numbers were recorded. 
The number of sprung traps was noted, and the 
number of trap nights was computed by sub- 
tracting the number of traps sprung from the 
total number of traps set. Percentage catch or 
trap success, used in this report as an expression 
of relative abundance, was computed for each 
area from the number of trap nights and number 
of animals caught over the trapping 
period. 

At the laboratory, each animal was given a 
permanent number, bled by cardiac puncture, 
killed by injection of air into the heart, weighed, 
and measured. The age of the animals was de- 
termined on the basis of weight, measurement, 
and skull structure. One kidney or portion of one 
kidney was then removed aseptically and ground 
in a sterile mortar to which a small amount of 


entire 
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saline, adjusted to pH 7.2 to 7.4 with sodium 
phosphate (Na,HPO,-7 H,O), was added. During 
the grinding alundum 


added to act as an abrasive and assure complete 


process sufficient was 
grinding. The suspension of kidney tissue was 
then decanted into a sterile test tube. During the 
early part of the study enough of the suspen- 
sions were examined and weighed to indicate that 
the decanted portions consisted of approximately 
10 to 15 per cent suspensions of kidney tissue 
After the kidneys from an entire day’s catch 
were ground, a portion of the suspension was re- 
moved from each test tube with a sterile Pasteur 
pipette, and two drops were used to inoculate 5 
ml of each of four types of media in screw-cap 
culture tubes. The following media were used: 
Chang’s semi-solid medium (Chang, 1947) with 
10 per cent rabbit serum; Chang’s semi-solid 
medium with 15 per cent horse plasma; Fletcher’s 
semi-solid medium (Fletcher, 1928) with 10 per 
cent rabbit and Fletcher’s semi-solid 
medium with 15 per cent horse plasma. A modi- 
fication of Chang’s medium, as recommended by 
the Rocky Mountain Laboratory, National In- 
stitute of Allergy and Infectious Diseases, Hamil- 
ton, Montana, was used. Before February 17, 


serum; 


1955, 56 mammals were tested only with Chang’s 
liquid and/or semi-solid medium, with horse 
plasma or rabbit serum added. Prior to routine 
use, the horse plasma and rabbit serum were 
determined to be free of leptospiral antibodies by 
routine serological procedures. After incorpora- 
tion of serum or plasma into culture media, each 
lot was tested with leptospiral stock cultures for 
ability to support satisfactory growth of the 
organism. All media were tested for sterility be- 
fore inoculation. 

After inoculation, cultures were incubated for 
30 days at 28°C and then examined for the 
presence of leptospires by dark-field microscopy. 
If both tubes of either base medium were con- 
taminated, the test was not considered adequate 
for computing incidence of infection unless lepto- 
spires were recovered. 


The serotype of isolates was determined by 


agglutination and _ cross-agglutinin-absorption 
tests at the Leptospirosis Research Laboratory, 
Laboratory 


Communicable Disease 


Center, Chamblee, Georgia. 


sranch, 


RESULTS 
Occurrence 
the 


and incidence in animals. 
1,091 


During 


study mammals, representing 14 


species, were collected. Of these, 820 were tested 
for the presence of leptospires by culturing kidney 
tissue. Forty-four, (5.4%) were positive (Table 
1). Sixteen of the isolates were identified as L. 
ballum; 13 as L. pomona; two as L. australis A 
Ballico; two as L. grippotyphosa; four as sero- 
type members of the L. mitis Johnson-L. hyos 
(Savino and Rennella) serogroup; and two as 
members of the L. hebdomadis serogroup. Two 
isolates were lost prior to identification, and 
identification of the other three isolates has not 
yet been completed. 

Five species of mammals were found to be 
hosts of one or more serotypes of leptospires. 
These five species accounted for 78.6 per cent of 
all individuals tested. The hosts were as follows: 
opossum, Didelphis marsupialis Linnaeus, for 
L. ballum and members of the L. mitts-hyos sero- 
group; fox, 
(Schreber), for L. ballum; raccoon, Procyon lotor 


gray Urocyon cinereoargenteus 
(Linnaeus), for L. ballum, L. pomona, L. australis 
A, L. grippotyphosa, and a member of the L. 
hebdomadis serogroup; striped skunk, Mephitis 
mephitis (Schreber), for L. ballum and L. pomona; 
and wildcat, Felis rufa Schreber, for L. ballum 
and L. pomona. In no instance did the infected 
animals show clinical evidence of leptospirosis. 
They did not appear to be sick, and no gross 
pathology of kidneys was observed. 

The incidence of infection of each mammal 
species, by the serotype of leptospires involved, is 
presented in Table 1. One hundred or more speci- 
mens of four mammal species were tested. Thir- 
teen isolates were obtained from 213 opossums, 
eight from 209 raccoons, 18 from 132 striped 
skunks, and none from 100 cottontail rabbits. Of 
the remaining five isolates, three were obtained 
from 40 wildcats and two from 52 gray foxes. The 
number of isolates of any one serotype obtained 
from the different hosts was too small to permit 
a valid comparison of incidence of infection by 
hosts and serotypes of leptospires. The highest 
incidence of infection was 7.6 per cent for the 
striped skunks infected with L. pomona. Five per 
cent of the wildcats were also infected with L. 
pomona. The incidence of infection for all other 
combinations of host and serotype was 3.9 per 
cent or less. 

L. ballum was isolated from seven opossums, 
two gray foxes, one raccoon, five striped skunks, 
and one wildcat. These animals were collected 
on five areas in Baker, Decatur, and Mitchell 


Counties. Bovine leptospirosis was diagnosed 
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TABLE 1 
Results of Tests for Leptospirae in Mammals from 
Southwestern November 4, 1964, 
to April 20, 1956 


Georgia 


Number Per cent 


S ies 
»pecies tested positive 


Serotypes 

Opossum (Didelphis 

7 L. ballum 
L. 


marsupialis) 
mitis- 
hyos sero- 
group* 
identifica- 
tions not 
complete 
Cottontail rabbit 
(Sylvilagus flori 
danus) 
Marsh rabbit (Sylvi- 
lagus palustris). 
Gray squirrel 
(Scturus 
nensis) 


caroli- 


Fox squirrel 
(Sciurus niger) 


Red fox 
fulva) 
Gray fox (Urocyon 
cinereoargenteus ) 
Feral dog (Canis 
familiaris) 


(Vulpes 


L. ballum* 


Raccoon (Procyon 


lotor) L. ballum* 
L. pomona* 
L. australis 
ae 
L.  grippo- 
typhosa* 
hebdoma- 
dis 


group* 


L. 


sero- 


Striped skunk 
(Mephitis mepht- 
tis) 


132 13.6 | 5 


10 


L. ballum* 
L. pomona* 
identifica- 
tion not 
complete 
lost 
Spotted skunk 
(Spilogale pu- 
torius) 
Otter (Lutra cana 
densis) 


WILD MAMMALS 


TABLE 1—Continued 


Wildcat (Felis 
rufa) 40 7.5 | 1 L. ballum* 
2 L. pomona* 
Feral house 
(Felis do- 


mestica) 


Total (44 isola- 


tions) 820 5.4 


* Indicates new host record. 


by agglutination tests on two of the areas in 1955. 
In 1954, and early 1955, when attempts to isolate 
leptospires were confined principally to small 
rodents in Baker and Mitchell Counties, L. 
ballum was isolated from 69 field-dwelling house 
mice, Mus musculus Linnaeus; two roof rats, 
Rattus rattus (Linnaeus); four old-field mice, 
Peromyscus polionotus (Wagner); and two cotton 
rats, Sigmodon hispidus Say and Ord (Brown, 
manuscript). 

L. pomona was isolated from one raccoon, 10 
striped skunks, and two wildcats which were col- 
lected from four areas in Baker, Decatur, Peach, 
and Thomas Counties. Bovine leptospirosis was 
diagnosed by agglutination tests on two of the 
areas during 1955, but there were no records of 
leptospirosis on the other areas. On two other 
areas where cows gave positive agglutination 
tests for leptospirosis during 1955, no L. pomona 
was isolated from wild mammals. It is of interest 
that L. pomona was not isolated from opposums. 

Four isolates belonging to the LZ. mitis-hyos 
serogroup were obtained from opossums collected 
on two farms in Baker and Dougherty Counties. 
Serums from cows on both farms gave positive 
agglutination reactions for leptospirosis within 
the 6-month period preceding trapping activities. 
The identification of these isolates was reported 
by Galton et al., (1957) 

L. australis A was isolated from two raccoons 
collected on a forested area in Decatur County. 
No domestic animals except hogs, which had be- 
come wild, and dogs were present on the area. 
These isolates are also described by Galton et al., 
(1957). 

The following new host records were estab- 
lished: gray fox for L. ballum; raccoon for L. 
ballum, L. pomona, L. australis A, L. grippo- 
typhosa, and a member of the L. hebdomadis 
serogroup; striped skunk for L. ballum and L. 
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pomona; wildcat for L. ballum and L. pomona; 
and opposum for members of the L. mitis-hyos 
serogroup. 

Distribution of infections in various habitats. 
Leptospiral infections were found on nine of 15 
areas where traps were operated (Taole 2). In- 
cidence of infection on the positive areas ranged 
from 1.8 to 13.6 per cent of all animals tested. 
Trap success, used as an estimate of relative 
population density, ranged from 4.4 to 11.0. 
However, there was no correlation between the 
incidence of infection by leptospires and popu- 
lation density (Table 3). 
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Leptospires were isolated from opposums in 
seven areas, from striped skunks in six areas, and 
from raccoons in four areas. Infection rates in 
positive areas ranged from 3.6 to 100 per cent 
for opposums, from 3.4 to 100 per cent for striped 
skunks, and 4.3 to 20 per cent for raccoons; but 
there was no correlation betweer the incidence 
of infection by species of host and either mammal 
population density or species composition of the 
population. 

L. ballum was found on six areas, L. pomona 
on four, L. mitis-hyos on two, L. grippotyphosa on 
one, L. hebdomadis on two, and L. australis A on 


TABLE 2 


Positive | 
Positive 
Tested 


Opossum ( Didelphis 
marsuptalis) 

Cottontail Rabbit 
(Sylvilagus flori- 
danus) 

Marsh Rabbit (Syl 
vilagus palustris) 

Gray Squirrel (Sci 
urus carolinensis) 

Fox Squirrel (Sciurus 
niger) 


Red Fox (Vulpes fulva) 

Gray Fox (Urocyon 
cinereoargenteus) 

Feral Dog (Canis 
familiaris) 

Raccoon (Procyon 
lotor) 

Striped Skunk (Me- 
phitis mephitis) 


Spotted Skunk (Spilo 
gale putorius 

Otter (Lutra canaden 
sis) 

Wildcat (Felis rufa 

Feral House Cat 


( Fe li 8 dome stica 


Total 


Per cent positive 


Results of Tests for Leptospirae in Mammals from Fifteen Areas in Southwestern Georgia 


Area 


4 


Positive 


Positive 
Positive 
Positive 
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TABLE 2— 


Positive 


Opossum (Didelphis 
marsupialis) 

Cottontail 
(Sylvilagus 


Rabbit 

flori 
danus) 

Marsh Rabbit (Sylvi 
lagus palustris 

Gray Squirrel (Sci 
urus carolensis 

Fox Squirrel (Sciurus 
niger) 


Red Fox 
fulva) 


(Vulpes 


Gray Fox (Urocyon 
cinereoargenteus) 
Feral Dog (Canis fa 
miltaris) 

Raccoon (Procyon lo 
tor) 

Striped Skunk 
phitis mephitis 


(Me 


Spotted Skunk (Spi 
logale putorius 

Otter (Lutra canaden- 
sis) 

Wildcat (Felis rufa 

Feral House Cat (Fe 
lis domestica) 


Total 15 


Per cent positive 0.0 25.0 
* Numbers given under headings ‘“Tested’’ refer 
.. 


9 


L. mitis-hyos serogroup 5 
. L. hebdomadis serogroup 
L. ballum 


L 


ganism lost, 


pomona, 1; L. hebdomadis 


L. ballum, 1 
L. ballum, 2; 
ganism lost, 


’ 


serogroup, 1 


one. On the basis of the small number of isolates 
identified, 
tween the incidence of infection by) 


however, there was no correlation be- 


a given sero- 


type of leptospires and the density of the total 
mammalian population or the relative abundance 
of the various host species. Leptospiral infections 


L. ballum, 1; L. pomona, 4; or- 


Identification not complete. 
L. 
L 


WILD MAMMALS 


Continued 


Area 


Positive 
Positive 
Positive 
Positive 


_ 
oo 


3 1 


0 | 16 18 


6 2 


- 


0.0 6.3 11.1 


cultures. 

9. L. pomona. 

. L. ballum, 3; identifica- 
tion not complete, 1. 

. L. grippotyphosa 

2. L. pomona, 1; identifi- 
cation not complete, 
Z 


to uncontaminated 
e 


australis A, 2 
. pomona, 3; or 


1 


were found in every area from which more than 
25 animals were tested and, as would be expected, 
the greater variety of serotypes was found in those 
areas from which large numbers of animals were 
collected. 

The 15 areas studied may be divided into three 
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TABLE 3 


Relaiive Abundance of Fourteen Species of 


Species 


Opossum (Didelphis marsu- 
pialis) 

Cottontail Rabbit (Sylvila 
gus floridanus) 

Marsh Rabbit 
palustris) 

Gray Squirrel 
carolinensis) 

Fox Squirrel (Sciurus niger) 


(Sylvilagus 


(Scturus 


Red Fox (Vulpes fulva). 

Gray Fox (Urocyon cinereo- 
argenteus) 

Feral Dog (Canis famili- 
aris) ‘ 

Raccoon (Procyon lotor) 

Striped Skunk (Mephitis 
mephitis) 


Spotted Skunk (Spilogale 
putorius) 
Otter (Lutra canadensis) 
Wildcat (Felis rufa) 
Feral House Cat (Felis do- 
mestica).... 0 


Mammals From Eleven 


18 0 
.36 | 0. 


18 


Areas in Southwestern Georgia* 
Area 


6 


04 


18 0. 0.76 | 0.32 


0.09 | 0.34 | 0.59 | 0.04 | 0.18 | 0.16 





4.99 | 9.26 | 4.38 | 7 


All Species 


-28 /11.12 


7.53 


.43 | 7.60 10.16 | 5.86 





* Complete trapping information was maintained on only 11 


see text. 


groups on the basis of the predominant vegetative 
cover; namely, pastures and cultivated fields, 
pine, and the inter- 
spersion of vegetative types permits all of the 
animals studied to range over two or more types 


yine-hardwoods. Since 
I 


of vegetation during the course of their daily 
wandering, no objective study of the vegetation 
was made. Classification of the areas by vegeta- 
tive types is based upon subjective judgment of 
the senior author. Areas 1, 2, 3, 5, 7, 8, 9, and 15 
were predominantly pastures and cultivated 
fields; areas 11 and 14 were predominantly pine, 
and areas 4, 6, 10, 12 and 13 were predominantly 
pine-hardwoods. Four locations of similar habi- 
tats, none of which yielded more than three ani- 
mals, were included as area 13. A portion of all 
the areas except 6, 7, 9, and 15 had a cover of 
swamp hardwoods. 


of the 


15 areas studied. For explanation 


No isolations of L. pomona were obtained from 
mammals from areas which were predominantly 
pine, but the study of additional areas of this 
type may reveal the presence of the organism. 
There was no correlation between density of the 
mammalian population and incidence of infec- 
tion by all serotypes with respect to the three 
vegetative types (Table 4), nor was the incidence 
of infection significantly different among mam- 
mals from areas of the three vegetative types. 

Trap success for the 11 areas for which trapping 
records were kept, based upon the number of trap 
nights required to catch 1,027 animals, was 8.6 
per cent. Trap success for the individual areas 
ranged from 4.4 to 11.0 per cent. 

The following animals, which were infected 
as indicated, were determined to be less than 1 
year old: two L. 


opposums, mitis-hyos; one 
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TABLE 4 
Results of Trapping and Tests for Leptospirae in Mammals From Areas of Three Vegetative Types in 
Southwestern Georgia 


Pine 


Pine-hardwoods Pastures and cultivated fields 


Caught | Tested* | Positive | Caught | Tested Positive Caught | Tested | Positive 


Opossum (Didelphis 
alis) 55 

Cottontail Rabbit 
floridanus 

Marsh Rabbit 


lustris) 


marsupt 
(Sylvilagus 
(Sylvilagus pa 


Gray Squirrel (Scturus carolin 
ensis) 


Fox Squirrel (Sciurus niger 


Red For (Vulpes fulva 

Gray } (Urocyon cinereoar 
genteus) 

Feral Dog (Canis familiaris 

Raccoon (Procyon lotor) 

Striped Skunk (Mephitis 
phitis) 


Spotted Skunk (Sptlogale puto- 
rius) 

Otter (Lutra canadensis 

Wildcat (Felis rufa) 

Feral House Cat (Felis domes- 
tica) 


Total 


. ballum 
pomona 
mitis-hyos 
. hebdomadis 
1. australis A 
L. grippotyphosa 
Identification not complete 
Nonviable 
Per cent trap success 
Per cent positive 


* See footnote to Table 2 


striped skunk, L. ballum; and one raccoon, L. 
australis A. The other 40 infected individuals 
were determined to be more than 1 year old. 


DISCUSSION 

This study revealed the presence in marsupials 
and carnivores of six serotypes of leptospires 
which are potentially pathogenic to both man and 
domestic animals (Van Thiel, 1948; Kirschner, 


144 K 59 


26 


29 
3 2 


130 106 


58 


1954). Any host which sheds viable leptospires 
may contaminate water and moist soil. Smith and 
Self (1955) demonstrated that leptospires could 
be recovered from soil 15 days after it had been 
infected with urine from rats previously inocu- 
lated with L. australis A. Domestic animals may 
become infected from contaminated soil or water 
and transmit the organism to man, or man may 
become infected directly from these sources. In 





654 


wild hosts are used for 
food, and all are hunted for sport and some 
for fur. Thus, there is a possibility that man 
may infected through direct 


addition, some of the 


become contact 
with these animals. 

Only reference laboratories use L. australis A, 
L. grippotyphosa, and L. mitis or L. 


their batteries of antigens. Sera from hosts of L. 


hyos in 


australis A and the mitis-hyos serogroup strains 
with the antigen of L. 
pomona, the serotype used by most veterinary 
diagnostic laboratories. Inclusion of L. hyos, L. 
australis A Ballico, L. grippotyphosa, and L. 
hebdomadis antigens in the usual battery used by 


showed no reaction 


diagnostic laboratories could, therefore, lead to 
their detection in both man and domestic ani- 
mals. In addition, more emphasis should be 
placed on attempts to isolate leptospires from 
suspected cases of leptospirosis. It is reasonable 
to assume that such studies might reveal the 
presence of these serotypes in other areas of this 
country. 

Although L. canicola is known to occur fre- 
quently in dogs, especially in urban areas in 
Georgia, and L. icterohaemorrhagiae has been 
found in various areas in the United States in 
commensal rats, neither of these serotypes was 
found in the animals tested during the course of 
this study. 

The limited number of isolations does not per- 
mit correlation between incidence of infection of 
any serotype and relative abundance of species 
of mammals or total mammalian population 
Likewise, the data are not adequate to justify 
examination of correlations between prevalence 
and types of habitat. Studies now in progress are 
designed to provide additional information on 
these points, since feral hosts may play an im- 
portant part in the maintenance and transmis- 
sion of leptospires pathogenic to both man and 


domestic animals 


SUMMARY 


From November 4, 1954, to March 20, 1956, 
1,091 mammals were trapped in southwestern 
Georgia. Of these, 820 were tested for leptospires 
by culturing kidney tissue, and 44 (5.4%) were 
found positive. The leptospires involved were 
identified by agglutination and cross-agglutinin- 
adsorption tests as serologically homologous to 
L. ballum, L. pomona, L. australis A, L. grippo- 
typhosa, and serotype members of the L. heb- 
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domadis and L. mitis-hyos serogroups. The hosts 
were as follows: opossum for L. ballum and mem- 
bers of the L. mitis-hyos serogroup; gray fox for 
L. ballum; raccoon for L. ballum, L. 
L. australis A, L. grippotyphosa, and a member 


of the L. 


for L. ballum and L. pomona; and wildcat for L. 


pomona, 
hebdomadis serogroup; striped skunk 


ballum and L. pomona. No correlation was found 
between the incidence of infection by a given 
serotype of leptospires and density of the various 
species of mammals or the total mammalian 
population. 

The isolation of L. australis A., L. grippoty- 
phosa, and organisms belonging to the L. mitis- 


hyos and L. hebdomadis serogroups is of primary 


reference laboratories 
are routinely testing for the presence of anti- 
bodies to these pathogens in either man or do- 
mestic animals. There is a need for inclusion of 


significance. Only a few 


antigens of these serotypes of leptospires in rou- 
tine agglutination tests and for more intensive 
efforts to from 
cases in humans and domestic animals. 

The following 
lished: gray fox 
ballum, L. L. australis A, L. grippo 
typhosa, and a member of the L. hebdomadis 
serogroup; striped skunk for L. ballum and L 
pomona; wildcat for L. ballum and L. pomona; 
and opossum for members of the L. 
serogroup. 


isolate leptospires suspected 


new host records were estab- 
for L. ballum; raccoon for e.. 


pomona, 


mitts-hyos 
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ERYTHROMYCIN IN AMEBIC LIVER ABSCESS 


A. J. WILMOT, 8S. J. POWELL anv R 


ELSDON-DEW 


The Amoebiasis Research Unit! and the Department of Medicine, University of Natal, Durban 


There are many reports showing that erythro 
mycin is effective in the treatment of intestinal 
amebiasis. In our hands it gave an immediate 
cure rate of 71° (Powell et al., 1958). Anderson 
et al., (1955) and Villarejos (1955) have shown 
that ‘“‘hepatic amebiasis” or ‘‘amebic hepatitis” 
may respond to this drug. For this reason it 
seemed important to determine whether erythro- 
mycin is effective in the treatment of proved 
amebic liver abscess. 


MATERIAL AND METHODS 


Erythromycin stearate, 500 mg, was given 
every 6 hours for 10 days to six African male 
patients in whom the clinical diagnosis of amebix 
liver abscess had been confirmed by the aspiration 
of characteristic pus. In five cases Entamoeba 
histolytica was demonstrated in the pus which in 
all cases was bacteriologically sterile. In no pa- 
tient was there clinical evidence of other disease 
Diiodohydroxyquinoline was also given to en- 
hance activity against possible bowel amebiasis. 
Further aspiration was done when clinically 
indicated. The patients were observed in hospital 
for a minimum period of 28 days and kept longer 
when symptoms demanded. 


RESULTS 


Two patients responded satisfactorily. After 10 
days treatment one had shown no response; the 
abscess, which presented itself as an epigastric 
mass, was enlarging despite repeated aspiration. 
The patient was given emetine and responded 
well. One patient deteriorated and on the 4th day 
emetine was given as it was thought dangerous 
to continue with erythromycin Two 
other patients appeared to respond satisfactorily 
to erythromycin initially, but in one symptoms 
had returned by the 25th day and EL. histolytica 
was found in aspirated pus. The remaining patient 
relapsed 18 days after discharge and amebas were 
present in the pus. 


alone. 


1 The Amoebiasis Research Unit is sponsored by 
The South African Council for Scientific and 
Industrial Research, The Natal Provincial Ad- 
ministration, The University of Natal, The United 
States Public Health Service (Grant No. E-1592). 


DISCUSSION 


As treatment of four cases out of six resulted in 
undoubted failure it was felt that further trial 
with erythromycin was unnecessary and unjusti- 
fiable. It is difficult to determine whether erythro- 
mycin has any activity at all in liver abscess. 
The only drugs of proven efficacy in this condi- 
tion are emetine and chloroquine, and before the 
advent of these, some cases recovered on drainage 
alone. Therefore, the recovery of some cases of 
liver abscess during chemotherapy is not neces- 
sarily a test of activity of the drug. However, 
the failure of treatment in four cases out of six 
is indisputable evidence that the activity of 
erythromycin, if any, is slight and falls far short 
of that of emetine or chloroquine in which the 
response is excellent. 

It has been our experience in the past that 
reports of the efficacy of a drug in “amebic 
hepatitis’? may lead to its use in amebic liver 
abscess with possibly tragic results, and we think 
that erythromycin alone should not be used in 
this condition. 

We have shown that chlortetracycline is in- 
effective in amebic liver abscess (Wilmot et al., 
1952). In the course of therapeutic trials with 
tetracycline and _ its 
dysentery, we 


derivatives in amebic 
which liver 


abscess developed, although the dysentery had 


have seen cases in 
responded. This has been used as an argument 
that tetracycline 
dysentery by 


acts indirectly in amebic 
altering the bacterial flora. Al- 
though its antibacterial spectrum is different 
from that of tetracycline, erythromycin may act 
in a similar manner. 


SUMMARY 


Erythromycin, 500 mg, was given every 6 
hours for 10 days to six patients suffering from 
amebic liver abscess. 

Two cases apparently responded, the remainder 
either failed to respond or relapsed 

By comparison with emetine and chloroquine, 
amebic liver 


erythromycin is ineffective in 


abscess. 
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